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PROJECT FIREFLY 1960 - A SUMMARY REPORT

N. W. Rosenberg

Headquarters, Air Force Cambridge Research Laboratories
Air Force Research Division (ARDC), Geophysics Research
Directorate, L.. G. Hanscom Field, Bedford, Massachusetts

ABSTRACT

Project Firefly 1860, the upper atmosphere chemical release program of the

Geophysics Research Directorate, in cooperation with other participating agencies,

. has provided a systematic study of several types of upper atmosphere perturbations.
Reports on reduced and interpreted data from a number of optical and radio-fre-
quency stations have been prepared by participants, and published as a GRD special
report. A prcliminary crosscorrelation of that information is presented in this
summary. The summary consists of an introduction, special sections on missile
trails and weapons effects, and sections on groups of releases:

° night point electron high explosive cobalt partiéles
sunlit point electron hydrocarbon
cesium trail electron removal alumina particles

The summary section for each group of releases includes a statement of objectives,
obgervations, conclusions, recommended further data analysis, and recommended
further experiments.




1. SCOPE AND OBRJECTIVE OF PROGRAM

Upper atmosphere studies, prior to the availability of rockets, were ac-

comiplished largely through ground-based observations of natural perturbations, by
radio frequency sensors which detect electron inhomogeneities, and optical sensors
which detect light scattered and/or emitted by atoms, molecules, ions, and parti-
culate matter. With rockets and satellites available, the upper atmosphere is riow
being studied with vehicle-borne sensors., An alternate approach io upper atmos-
phere studies has also been made possible by such vehicles. This is the artificial
perturbation of the upper stmosphere by release of vehicle-borne chemicals. Ex-
periments of increased versatility are therefore possible since the study is no longer
restricted to unpredictable natural perturbations. Chemical release studies of
composition (e.g. by release of nitric oxide or ethylene), of temperature (e.g. by |
sodium spectral resonance broadening), of electron processes (e.g. by cesium re-
leases), of diffusion and winds (e. g. by solar-illuminated sodium and potuuﬁm
releases) have been previously reported by this and other laboratories.

Controlled chemical releases provide a unique technique for analysis of
those upper atmosphere processes which have a physical scale larger than can be
measured by point sampling of vehicle-borne sensors. Natural perturbations such
as sporadic E and artificial perturbations such as missile trails inherently involve
this large physical scale. The chemical release program of the Geophysics Re-
search Directorate (Project Firefly) has provided a systematic determination of
some of the basic variables of such perturbations, so that they can be controlled

or simulated as required.

-



The Project Firefly 1960 experiments were carried out to study the
phiysical and chemical properties of electrons, ions, jnn and m?tlcuhh metter
following their releaae at high velocity and at high sititude. The releases were
designed to evaliuate (a) the early explosive ‘expansion of these spscies prior to
pressure equilibrium, (b) the later expansion when molscular diffusion or tur-
bulent processes are important, (c) the procesaes leading to dissipation ofthc
perturbed regib‘n‘ through interaction with the ambient, (d) models describing
the nature of electron inhomogeneities, (e¢) mechanisms for light Qﬂl'idn. under
sunlit and under dark conditions, and (f) communication capabilities of artificially
created high electron densities.

The field program inciuded two basic areas: (1) the observation of
missile targets on the Atlantic Missile Range (AMR), and (2) the controlled re-
lease of selected chemicals into the upper atmosphere. Both of these efforts
have been integrated with theoretical and laboratory experimental .studies (both
by GRD and by other agenciea) in order to provide the fullest interpretation of
the observed phenomena. Volumes I and II of this report cover the chemical re-
lease program conducted in 1980, which congisted of a series of 33 chemical
releages (listed in Table I) from verticle probe rockets at Eglin AFB during
July and August 1960; and Volume III covers missile trail observations on the
Atlantic Mis;ile Range.

The chemical release experiment consists of the release itself, and
observation, data reduction and data interpretation by participating groups. The
participants(namedin the Table of Contents of this report) included many groups

making simultaneous observations, each studying the aspects of most pertinence




to its own interests. The resulting large pool of information Las permitted cross-

correlation in a nuimber of weys both for basic geophysics data and for specific

military applications. Optical equipment included (a) cameras with framing rates

movto onie frame per 10 seconds, 2m"'(come equipped'

3001 1085

from 500 frames per second

with narrow band interference filters), {b) television light amplifiers in the

visible and near I.R., and (c) spectrometers and photometers in the vi-iblesmn'

1007 8037 5001, 5087

and infrared. Radiofrequency equipment included (a) 2 - 20 mc

iorosondes and (b) multiple fixed frequency sounders recording forward and back-
scatter above 6 mc., including Doppler and phase shift displays, 5999, 5129
and (c) modulated forward scatter radiofrequency transmissions at‘ewsq' 5059,
5139, The program was carried 6ut in a single field trip so that the equipment was
set up only once for all thirty-three releases.

The present report is in fact a collection of individual reports made by
each of the groups of observers on the entire test series; and the main purpose of
this summary section is a preliminary cross correlation of their observations for
each type of release (or missile phenomenon), Fanel discussions held during a
symposium on Project Firefly (31 Jan and 1 Feb 1961) at AFCRL are also intluded
in the report, Over the next months, further cross correlagions of the existing data
will be made by several of the participating groups to provide more detailed models

of upper atmosphere perturbations,

NOTE: Superscript numbers are references to pertinent page numbers in Volumes
1, II, and ILI,
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LIERTPLY POITIUN DATA, Reviged 1 l:hreh 1981

Soler Reletse .

2azleed Relsage  bhori- Altl- YadH- Leng™ A-iv

Net, Addad time, son, tuds, tude, tuds, Py,
Banarirsan kg Ko, Dcts CBT km  km e
H%‘@E‘“%c FX) 800, E€/1S 0437:60.60 ~ 62 4.8 ':"6;810 %?ca ]
Mzris PEC 18 200, 8/9  0438:35.2 50  81.4 30.13 86.03 &3
Iole PEC 56 800, 8/15 0436:00.12 82  83.5 30.30 86,63 63
Zelda PEC  45.5 800, 8/35 0830:40 0 103 30.33 86.85 105
Peggy PEC 18 200, 8/16 0441:50.75 53 103.7 30.03 88,83 111
Oive PEC 18 200, 8/18 0441:50.15 57 108.2 39.93 86.48 130
Jesnnie PEC 18 300; 8/10 0436:40.80 58 108.7 30.19 86,38 111
Susan® PEC 22  1100; 8/17 0443:40.33 45 114.3 30.03 96.53 113
Do PEC 18 800, 7/27 0421:45.84 T3 115.3 29.66 86,41 144
Csthy PEC 160, 7/29 0a52:44.95 >500 93.9 20,72 86.46 133
Betsey PEC 18 530] 8/8  0416:40.62 133 108.8 30.29 86.69 109
Amy PEC 18 160, 7/38 0232:45.27 >500 111.0 39.63 86.45 143
Ruthy PEC 18 160, 8/1  0232:20.35 >500 113.3 20,80 86.59 137
Qerta PEC 18 745°  8/6  0308:00 3500 138.0 30.03 88.47 146

Janet TRC 16 -——- 7/26 0419:30 78 118.9 19.84 86.5% 138
Hilde TBC 16 --- __8/1 _0435:31.2 71 136.0 39.83 88.53 141
Carry HEX 10 -—= 7/18 0403:37 114 139.9 30.04 66.6¢ 134
Arlene HEX 18 --- _ B/15  1945:34 260  104.3 30.12 86.48 111

Annie ARC -~ -=< 8/13 o0121:24 >500 977? 20.93 86.63 J33

Norma ARC ce=  --=  B/13 0349:24 500 96.7 30.17 86.51 133
T g 14 8/io__ 1388:40 _ 105 80. . 10

Linds MET 33 -—-  8/17 3045:;00 700 188  30.10 &3.

Mavis 883 3.2 --- 7/39 0418:32 100 67.2 30.31 86.89 67.%

rmm- 881 7.7 ---  T/14 0408:20 86 148.5 30.08 86.81 184
ssz 8.1 --- 17/31 0405:16 115 150.7 $0.17 86.83 154

Tﬁg 18 -~ 7/23 0412:47 90 108.3 30.15 86.65 112
m 10 -—-g 1/230 1032:30 80 .6_20.03 86,60

vm:y*‘_u'c?a 18 800, 8/35 1806:19.53 180 2 $0.94 86.70 S

Wendy PEC* 19 200° 8/18 0418:40.82 160 14 30.34 86,70 11

Ethel TEC* 18 ---  7/2%5 NR 500 NR (No Release)

Dotty 883 * 5 -~ 17/185 NR 105 NR (No Release)

Edith 883 * 8 .-~ 17/12 NR 55 NR {(No Release)

Trudy NH, * 11 --- __8/17_NR 3230 Below Sea Level

* Not releasbd at altitude
1.Grams NaNO
2 firamg xntxm;e

83% NaNO_-37% Al
3.1089 co sition

3est Aval

Yo Y vt

PEC - point elsctron cloud
TEC - trail electron cloud
HEX - high explosive -
SHF - sulfur hexafluor:le
KER - synthetic kerosene
NH, - ammonia

R ¥ o av&lﬁ:} C%;}y

MET - §u cobalt powdsr
881 -0 SpAlgos

CDS8 - apcnﬁos
sulfide powder
1%



3. ARPA SPONSORED STUDIES OF MISSILE PHENOMENA

3.1 Introduction

" All existing or proposed ICBM vehicles are launched by engines which re-
lease large quantities of chemicals - electrons, ions, gases, and particulate miat-
ter - at high velocities and over a wide range of sititudes (up to 150 km for the
Minuteman, 30C km for the Atlas). It is improbable that the 1000 - 100, 000 cubic
kilometera occupied by these exhaust species with their radically different com-

position from the ambient atmosphere can be hidden from an adequate surveillance

system,

2.2 Objectives

The Geophysics Research Directorate has carried out a program under
ARPA. Order 42 directed towards answering the following six questions:
(1) What atmospheric characteristics are modified and what plienomena
are produced by the passage of a missile through the upper atmcaphere ?

(2) What are the chemical and physical mechanisms responsible for the

modification of atmospheric characterisgtics and for the phenomena

produced?

(3) Which of these are general to all vehicles, times, and/or places and

which are specific to specific vehicle types, specific times of obser-
vation, and/or specific observer-vehicle positions?

(4) Which of these effects are subject to control (enhancement or atten-
uation) by missile designers or.launchers, by means of additives,
changes in engine design, time of launch, decoys, or masks?

12
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(5) Which phenomena can be effectively used, and in whet mavier, in:
(a) surveillance, detection, track, and discrimination
(b} prevention of surveillance, detection, track, and dhcmmn
by an AICBM system
(c) design of decoys and faise alarmse

3. DASA SPONSORED STUDIES OF CHEMICAL RELEASES

Nuclear detonations in the upper stmospheve produce artificial
upper atmosphere pertuzbations. It has been suggested that some.of
these effects can be studied by releasing suitable materials in the upper atmos-
phere. DASA MIFR 538-61, dated 11 August 1980, initiated a program:

(1) to evaluate which nuclear effects can be appropriately studied by

chemical releases
(2) to analyze existing data on chemical releasea where applicable
(3) to design and execute specific exporiments

18




4, MIGHT POINT ELECTRON CLOUDS

Five point electron ciouds were released at night: Cathy, Amy,
Betsy, Ruthy and Gerts, ranging in altitude from 90 to 140 km, each with an
identical net payload of 30 kilograme of cesium-containing mixture.

4.1 Objectives
The objectives of this group of releases were (1) to create a region of

local high electron density for over-horizon comimunication; (2) to study
mass transport, chemiluminescence and thermal emission from gases and
solids ejected at high velocity in the absence of sunlight and (3) to determine

the rate of decay of electron denaity in the absence of ionizing sunlight.

4.3 Discussion

Experimental ground gtudies were conducted on a CsNO, /Al mixture
with an organic chemical binder to maximize the initial ionization achieved in
the release, since in the absence of solar photoionization this initial ionization

represents the only source cf electrons for the night releases. The ground

4090

studies led to a composition of lower sensitivity4088 than the charges

of the previous 1959 series, Furthermore, the higher mass density led to
a faster reaction rate, 4090 Wkhether this was translated into increased
yields has not yet been fully assessed.

4083

The composition of each of the point releases produced, at altitude,

a 3500 °K plasma 1nixture of 10 kg of finely divided aluminum oxide, 300 moles
of inert gases (including carbon monoxide and hydrogen), 30 moles of cesium

and sodium vapors, and a small fraction of cesium ions and free electrons.

14




In yisual obasrvations following release, the cliemical cloud expanied
to form a circle of light which grew in the first two seconds to ahout ore de-
gree in dlamoter (2 km) with an orange tint due to 5893A radiation from the
amsll sodium content. The tint disappesred after about ten seconds, leaving
a low-intensity but clearly visible white circle, which slowly developad a
hole in its center and faded over 30-300 seconds while growing to a diamater
of 3° (6 km). The hole in the center suggests that the luminescence occurs at
the surface of a diffusing sphere of gaseous products. The highest-altitude
cloud (140 km) failed to develop the central hole, suggesting that rapid diffu-
sion at this alititude prevented formation of a defined surface.

The optical observations in the first seconds showed in three cases
a single expanding sphere of gas reaching 200-500 meters radius at 0.3 sec-
onds, and 400-1000 meters in 1 second, gradually fading over 10-30 seconds.

1088 In the other two cases, a double expanding sphere, cne at higher velocity,

1058

the other matching those above, was recorded in the first second. A

photometer aimed at a point 5 km away from one of the double -gphere bursts 3001
showed a trangient light wave at 1.3 seconds, suggesting a 4 km/sec average
gcloci’ty for the outer wave. The outer sphere, possibly radiating solids, dis-
appeared at about the one second mark at a radius of 1 - 2 km. Black body
radiation from solid szos would result in a temperature given by 250

(D/t)ll3 where D is the particle diameter in microns and t the time in seconds,
The temperature of a 1 micron particle will drop from 1100°K at 0.01 sec to
500°K at 0.1 sec; so that black body radiation will be negligible at 0. 1 aec.

On the other hand, a 10 micron particle will still have a temperature of 1100°

13
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¥ at 0.1 second and black body radiation will be significant for such sise
particlas.

No adequate spectral data on the persistent luminous cloud was ob-
9

tained because of the low intensity, estimated ag 10~ ‘vnttlcm’ ster. How-

ever, the continued emission over 500 seconds at low intensity totalled 2 x 1018

ergs of luminous energy. Since the entire payload contained only 10 x l,ol‘a

ergs, and conversion efficiencies for chemical energy te light emission rarely
exceed a fraction of one per cent, it is probable that a source of ambient
energy was tapped, possibly oxygen atom recombination. The luminescence

probably was not line emission, since it was not recorded by the aensitive

spectrograph, 3019

The r.f. observations showed initial radial growth of the electron

front approximulyw‘smtching the optical growth, but sufficiently trans-

jparent so that both the near and far electron gradients could be separately
recorded; i.e., both increasing and decreasing Doppler shifts were simult-
anecusly recorded, tapering off atterabout one or two seconds at diameters of
1 - 3 km, depending on altitude. 1043 There was a consistent pattern of more

rapid electron density decay at the highest altitude (140 km) than at the lowest

altitude studied (94 km), >04%

The electron drift could be followed by ionosondes for about 1000
seconds, 5mwty;:oicmny as & westerly drift at about 50 meter/sec. Optical
data confirmed the initial ionosonde position, but was not available for times

gufficient to record drift in these night releases.

16




b
i
.
"
3
N
L4
¥
2,
8
¥
»
H

—— Toee Wt o

L ey e e

e o 2w
g

.

4.3 Conclugions ara as follows:

(1) Sufficient electron yields can be achieved in the absenre of sun-

light for over-horizon r.f. reflections, 6013

(2) Viecible luminescence from the surface of a reacting gas meass
is preseiit for some minutes

(3) Radial expansions of electrons and gas front are at aimilar
velocities, the gas reaching ambient pressure within1 - 8

1059, 1043

seconds.

(4) Electron decay to ambient densitios is slower than would be ex-

pected in the absence of ionizing sunlight, 5109

4.4 Further data analysis is required to answer the following:

(1) How closely do optical and r.{. growths match?

(2) How closely do r.f, cross sections measured by different equip-
ment agree?

(3) Is a consistent model possible for all observationg?

(4) Is the model of ionization suggested by observed internal cloud
motions sufficiently accurate to define an electron yield?

(5) What are the controlling processes and rates for electron density

decay?

4.5 Further experiments are required to answer the following:

(1) Would a multiple point release be‘oo more effective than a

single point release 23 an r.f, reflsctor?

17
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{3)
(4)

(8)
(6)

What is the cause of a single sphere versus a double sphere from

otherwise identical releases?

What is the chemiluminescent gpectrum and the mechanism?
Can higher altitude persistence of high electron densities be in-
creased by magnetic field entrapment ?

What is the lower altitude limit for effective reflections?

What processes involving reactions with ambient are important?

5. SUNLIT POINT ELECTRON CLOUDS

Nine gunlit point electron clouds were released, ranging in altitude

from 74-115 km. Five of these releases, Marie, Peggy, Olive, Jeannie and

Dolly, had identical payloads of 20 kilograms of a cesium-containing mixture;

three, Margie, Lola, and Zelda, had the same composition but larger pay-

loads of 50 -

80 kilograms; and one, Susan, utilized the same composition

but at & 33% lowar mass density, which had been used in the previcus year,

5.1 Objectives

The

objectives of this group of releases were: (1) to create a region

of local high electron density for r.f. communication; (2) to study mass trans-

port, and solar scatter and resonance radiation from solids and gases in the

presence of sunlight and (3) to determine the rate of decay of electron density

in the presence of ionizing sunlight.

5.3 Discussion

Laboratory data gives a time congtant for solar photoionization

18
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of cesium vapor of the order of two thousard seconds. Thus, ose percent
ionization may be expected in approximately twenty seconds. If the ioeintii
achievad in the initial relesse, before photoionization, was one percent, then
roﬂ.cﬂvify of the cloud at times much shorter than twenty seconds would not
b affected by photoionization and would be similar in night and sunlit releasses.
If the initial ionization was less, then night and sunlit clouds should, of
course, be similar in behavior for shorter times. Therefore, the timé of
similarity between night and sunlit releases should allow ax estimate of the
ionization achieved in the initial release, which cannot be measured in mdi
tests. At longer times the daylight releases are expected to enter a second
phase of ionization due to the presence of sunligit,

.The composition of‘osothue releases was identical to the night point

electron clouds.

Visual cbservations following release indicate a rapidly growing
series of two concentric circles of light, the innermost of which showed the
sodium orange resonance radiation. Rapic rsdial growth of the outer circls
was to 5° (10 km) in three seconds, the inner circle to 1° (2 km) in the same
time. The low altitude releases (70-90 km) rapidly lost any orange tint, and
became brilliant white (due to chemical reaction with ambient?) develcping
@ ragged outer edge. In the high altitude releases (sbove 90 km) the outer
circle developed into a fuzsy white portion (solids) which separated from the
inner sharper edged portion (gases) which usually retained the sodium cclor.

Optical ob}nrvationlv of the carly time growth are too complex to be
adequately summarized, but they generally show an asymmetric outer (solids)

19




1017, 1003, ‘1059

wiave at 3-10 km pei* seccnd symmetric iriner (gas) cloud

which becomes separats from the outer wave st 0. 3 kilometers and then grows

more slowly to perhaps 1 km at 1 second. 1903

An 2ariy time upward drift
totals about 5 km in 30 seconds and then stops, whether or not the vehicle
had an upward velocity component at release. 2°3° It 1g therefore beliévad
that the upward motion is due to tempersture difference and/or hydrodynamic
forces, slcwing as the cloud mixes with a substantial amount of ambient gea.

R. 1. ob:orvatim of the early time Doppler growthm“’ mblSS
essentially the same as in the nighttime releases, and match reasonably the
calculated gageous radial growth, R.f{. cross sections at early times olso
are similar to the nighttime release cross sections. 5134

Optical observaticns at longer times shaw that the cloud as a whole
moved in a direction determined by the ambient winds and wind shears. Be-
cause of the cloud rise its material was distributed at a series of altitudes,
each with a different horisontal motion, which resulted in twisting and shear-
ing of the released gases. Eddy formation was noted at altitudes below about

2027 ,¢ altitudes

118 km a8 a very significant feature of the cloud structure.
below about 100 km the fuzzy portion of the cloud mentioned above was con-
siderably brighter than above these altitudes, undoubtedly due to formation
of substantial quantities of solid oxides of the alkali metals, 2008 3909 o,
drift of the cloud after the first minute, showed each part of the cioud,
moved essentially in a single horizontal directien determined by shears at

different altitudes>® "but slowly rising and falling by two or three kildiagters.

Radio frequency ionosonde position data &t longer times in general

agreed with the optical position data, *4¢ Tne optical deta were avatlable
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for § - 20 minutes while r.f. positioh dsta were mammmmww
piriods, up to one or two hours. S048 At such later times the MM )
1a:ge®*6that 1t 18 1possible to ascign « singie position from slant
range given by ionosondés,  In placing four ionosondes in the field, it was
planned to use the disagreement in position triangulation to give an mdl’ca;-
cation of the physical cloud sizd, since each ionosonde would measure the

slant range to the nearest reflection portion of the cloud. 501

The r.f. reflectivity of the released clouds was in general found to

be high and to depend very strongly on altitude,
Other notes on special cases include one release of particular in-

terest, "Betsy”. In this case, the initiel release was made approximately
five minutes before visible sunrise at the release altitude and approximately
ten minutes before ionizinig sunrise at the release altitude. As expected the
luminosity of the cloud resembled that of night releasss in the first mﬁmto.
1037 The cloud then disappeared until sunlight reached the clowd five min-
utes after release. 2010 The initial jonisation decay was followed by a rise

after ionizing radiation reuchec'i‘ the cloud roughly ten minutes following re-

lease. 5091

In the high payload experiments the vehicles failed to reach the

_ desired altitude of 100 km, At the 75 km to 85 km reached in the first two

of these releases very rapid chemical consumption was seen to occur with
the formation of a very brilliant white cloud thought tc be cesium oxide. 3034
The third of these releases at 102 km wes carried out well after sunrise,

and did not have as high r.f. reflectivity as a dawn shot at this altitude,

2




It was the only release carried out under these conditions and it is quite

possible that the dsylight ambient pressure corrvesponded to that of a lower
altitude at dawn,

5.3 Conclusions
(1) A localized ares of high electron donsity can be achieved for

r.f. commenication,

(2) The r.f. scatter cross sections are not particularly geograph-

_ 5138, 6001
ically aelective

(3) An outer wave of small particulate matter, 1917

seen by solar
scatter, moves with the velocity of the initial contact surface é
(7 km/sec) to distances of several kilometersl?05 outrunning i
the gaseous front after about 0.2 seconds. It is much brighter
and Iarger in forward scatter than in side scatter, 1004-8 . <

Aluminum oxide gas ‘;“ 1O) acts as a significant resonance

acatterer, 3036
{4) The gazes expend to ambient pressure in a non-reversible

near-sdiabstic expansion, working against an effective pressure

(due to shock wave generation) substantialiy higher than the

ambient presaure in reaching their final state.

(5) The ionosondes and sweep sounders show much less differ-

ence than expected between night and dawn releases, i.e.

in the absence and presence of solar fonization,

————— ———
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5.4 Further dats analysis is required to snswer the followiig:

(1)

(2)

(3)

(4)

(5)
{8)

(%))

Can densitometry distinguish between solids and gassous
motions at early times?

Can a clear measure of diffusion processes show the différent
levels of inhomogeneity as suggested from r.f. phase patterans?
Can a study of optical vs ionosonde drift show which c¢loud |
regions are the best reflectors?

1s the model of lonuntlonm”nmomd by observed internal
cloud motions sufficiently accurate to define an electron yidld?
How closely do optical and r.f, growths match?

How closely do r.f. cross sections measured by different

equipment agree?
Is a conaistent model possible for all obgervations?

5.5 Further experiments are required to determine

(a) What is the time of day dependence?
(b) What is the latitude and the seasonal dependence ?
(c) What payload design is most effective in maximising

reflection?
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6. CESIUM TRAIL RELEAJRS

" Two suzit irail electron clouds were releasad, Janet and Hilda,
at altitudes of 104 and 129 km, with identical payloads of 30 kilograms of a
composition Gesigned to release cesium vapor plus inert gases over a S0
second period.

6.1 Objectives

The objectives of this group cf releases were: (1) to create a region
of local high electron density for r.f. communication; (3) to study solar
scatter from gases and solids in the presence of sunlight and (3) to deter-
mine the rate of decay of electron density in the presence of ionising sunlight,

One. distinction bstween the trail releases and the point releases

previously described was that the trail releases were to be released with

a minimum disturbance of the ambient. The net gas velocify with respect

to the ambient is negligible if the rearward velocity of the gases is closely
matched to the forward velocity of the vehicle. A, additional reason for trail

release of cesium in the upper atmosphere is that the electron yield from the

low pressure trail release might be higher than the electron yieid from the

high pressure point release, discussed in a theoretical report, 4004

2
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Ancther factor was ths desirability of creating & trail over a range
of altitudes so that the altitude sensitivity of the point releases might be.
n":inimi:ed. since the gss would be continuously deposited over a range of
altitudes |

- this data.

The ground experimenuﬁon'“osprlor to the launches of this type of

package showed reasonable burning'rates, A first. relesse package failed
to ignite and therefore a redesign ..ol"tho initiating circuit mmld.. This
failure was not a chemical problem, biit an electrical circuit problem. Two
further releases were made; each gave a smail cloud of cos!m;cpngn_[p;ng .
gas but did not give a long fllament triil. The remaining payloads of this
type were therefore returned to the laboratory for evaluation where it was
found that ignition of the full-size packuge was difficult, and tlnt nossle
plugging. probably resulted in cutoff before complete release was M‘.
4108 4 wever, opti¢al observations and r.f. observations were made on
these two clouds. Because of the small payload fraction released (probably
1%) neither cloud gave good r.f{. returns, but both were useful clouds for

optical observations of wind shesr and turbulence, and are bsing studied for
2009

6.3 Further studies of trail releases first in the laboratory and then st
altitude gre desired to answer the following questions:
(1) Can a suitable payload be fabricated having the high electron

yield calculated to be obtainable? 008




{3) Will the antsima-like filsment offer advatages in reflectivity? .
(3) Will the minisnuin disturbances of the ambient on relsase result
in a smoother contour, 8108 4nce a more coherent reflectivity ?

7. HIGH EXPLOSIVE RELEASES

Two high explosive clouds were relesased, Arlene and Carry, at
altitudes of 104 and 129 km, with identical payloads of 18 kilograms of RDX,

a commercial high explosive.

7.1 Qbjectives
The objectives of thege releases were (1) to determine the r.f,

reflectivity of a high velocity gaseous expansion without cesium, (2) the
luminescence of the explolion products, primarily carbon monoxide and
water, (3) the effect of an ionized vs un-ionized ambient on. the density

gradient establighed by an explosion.

7.2 Discussion

The first of these releases, Carrie, was made at dawn when the
solar horison was 114 km. The payload was released at 129 km, in a region
which was sunlit by visible light but had ssen no UV light for 12 hours.
Because of ozone screening, ionising radiation did not reach the region
until three minutes after the release. A typical particle wave was seen to
expand at several kilometers per second velocity for perhapa two seconds,
leaving a residual whitish glow which persisted in the sky for a period of
ten minutes. There were no r.f. returnsg, and go there was no evidence in
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this release that any ionization or electron inhomhogeneity was created.

The second of the two high explosive relecses, Arlens, was ré-
leaged at 104 km after sunset wher: the solai horisen had already reachsd
260 km. The cloud release was thercfore misde in the dark; however,
residual ionisation from the daytime was still present in the release region.
In this release a brief flash was observed with no particle wave of any signi-
ficance and a very low level of residual giow, not sufficient to record oh the
equipment used. However = transiesmt . ¢, eignal for 0. 6 seconds following

release was very significant. 1080

It indicated a Doppler growth quite
similar to that of the cesium releases, which have much higher total ion-
isation. R.f. returns were not received from Firefly Arlone after one gec-
ond. 5107

The interesting distinction between Carrie and Arl;m is that a
transient r.f. return was obtained in the non-sunlit reiease made under con-
ditions where there was ambient ionisation while no return was obtained
from the sunlit release in a non-ionized ambient condition. It is also the
case that a rapidly moving outer wave was observed in the sunlit nﬂm dbut
not in the ionizing release. This is one of the reasons for inferring that the
rapidly moving radial wave is indeed a particle wave rather than an ionizing

shock wave. It also suggests that the ionization may well be a pile-up

effect which occurs at the front edge of a non-visible non-ionizing shock wave,




which crestes a density gradieint, both ¢f neutral apecies and of eleétrons,
permitting r.f. reflections which will presumably be strong during daylight,
or under early nighttime conditions when ambient jonisation remains fiom
the earlier sunlight,

A visible glow lagted for ten minnh- in the sunlit case, Carrie,

in a relatively small volume which did not grow as much as the cesium gas
releases. This glow is probably caused by solids since the night high ex-

plosive release did not show chemihiminescences remaining such as were
cbserved sfter the point electron cloud releases. The further study of this

phenomena with adequate apectral sensitivity is desirable,

It is noted that the two high explosive releases were similar in
effects to those of the 1859 series, where a night release showed no avidence
of an outer wave or of a residual cloud whereas a dawn release showed both
the rapidly moving particle wave and the residual light emitting phenomena.
In further experiments higher altitude releases are also desired since there
appears to be a significant variation in luminescence with altitude. A recent
French releage of 80 kilograms of high explosive at dusk at 160 km resulted
in excitation of the 6300A oxygen line at the outer rim of a spherical lumin-
escence,

An attempt to define the mechanism for this energy deposition and
continued emission of the forbidden oxygen line is important, The 6300 A
line was also present in three of the point electron clouds. 3026

7.3 Conclusions are as follows:

(1) The high explosive release csn create a transient electron
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gradisst by crecting s density gradisnt at & shock front witheut
actually {onising the ambient. |

(3) The continued light emiesion undér davwn cobeition but nat'in
the dark is probably solar scatter from perticulete miter ex-

plosive residues.

7,4 Further data analysis is required to compare r.{. transient with shock

wave caiculations of increased ambient density.

7.5 Further experiments are required

(1) to study further the light emission or scatter persistent after
release, with better spectral recorders.
(2) to study altitude effect, particularly at high sititudes where the

oxygen line is activited.

8, ELECTBO* REMOVAL FROM THE E-REGION

One electron removal trail, Rena, released a payload of 14 kilo-
grams of sulfur hexafluoride over a 30 second period covering an altitude

from 105 to 1320 kilometers.

8,1 Objectives

The objectives of this experiment were (1) to create & region of
local low electron density in the E-region, (2) to study the r.f. effects of
thig electron-depleted region in scatier reflection or trmmll;iou. and (3)
to determine the rate of return of the region to normal by photoionisation or

by diffusion from outside the region,
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9.2 Discussion _ e
It was necessary that the E-region release be carried out under

dqylllzht, conditions éincc the ionosondes were unable to record the presence

of any significant E-region ionixation at night. In such a deylight release,

of course, solar photoionization and photodetachment compete with the

electron removal mechanisma. The payload was equipped with a telemetry

unit to indicate when the pressure in the canister of sulphur hexafluoride

dropped by 90%, thereby confirming that release had occurred.
The release was confirmed in this way, and the ionosonde directly

under the release region recorded a perturbation at the time of the release.

S063 It is not certain that this perturbation was due to the release. How-

ever, it is described as a region of turbulence imbedded in the normal E-

region, with persistence of several minutes beginning at the time of release ‘
5066

itself, It reflected up to frequencies of several megacycles and appeared

similar to a sporadic E, 5067 The time and the slant range suggest that a

real effect was observed, At least one additional experiment of this type
must be carried out to eliminate the possibility that a coincidental sporadi¢
E is the source of the r.{. reflection.

It is also our intention to attempt F region removal, ‘where the
continued electron density throughout the nighttime permits observation in
the absence of competing sunlight. It has been postulated that recombination
in the F region is controlled by the depletion of oxygen molecules, through
the charge exchange between oxygen molecules and oxygen ions, 0+, followed

by recombination of the molecular ion 0'; with free electrons giving digso-
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ciated oxygen atoms in an excited state. This could be confirined by rélesse
of molecular oxygen into the F region at nightao”w'hare‘ the removal pro-
cess, normally limited by lack of molecular oxygen,can be accelsrated. If
the gradients are reasonably charp, r.f. reflections may be expected from
the electron depleted region. Furthermore, emission from the excited
oxygen atoms fcllowing recombination may be observed optically.

It is noted in this type of experiment that the quantity of remeval
agent required tor'electron removal from very large regions of spece cei
be carried on a relatively small vehicle, For example, & lo‘_lcms
elsctron density which is the maximum formed in the F region, represents
1021 electrons per cubic kilometer. A three kilogram payload of molecular
;xﬁ;n should suffice to remove all of the electrons from about §0, 000 cubic
kilometers if properly distributed through that large region. I fact the

problem of electron removal is more a problem of distribution of the removal

agent than one of carrying an adeqdate payload to the desired altitude.

.3 Conclusions

(1) E-region electron removal was probably accomplished by 8’6 ‘
release,

{(2) The r.f, effects of the electron~depleted regloti were similar
to those seen from an electron-rich sporadic E-region, pro-
bably because of scatter from electron density gradientas.

(3) The region returned to normal in about 500 seconds fcllowing

the release.




0.4 #ggthlr data analysis is suggested to dsiermine
(1) optimum observer equipme it for determining model of electron-

depleted region.
(2) optimum time and altitude for removal experiments.

8.8 Further experiments are suggested

(1) To confirm that the observation was not & coincidence due to
appearance of sporadic E.

(2) To make F region releases to confirm proposed geophysicsl
mecharnism for F region psrsistence.

(3) To obtalx’x further r.f. signstures of electron-depleted regions,
for comparison with r.f. returns following missile passage

through the ionosphere.

9, COBALT METAL POWDER

One cloud, Linda, of cobalt powder of about one micron particle size was
released at night at an altitude of 135 km, The net payload of 22 kilograma

was sufficient to provide 108 cm2 surface.

9.1 Objectives

The objectives of this experiment were: (1) to observe r.f. re-
flectivity of dispersed finely divided metal particles, and (2) to study pos-
sible chemiluminescence at the surface of metal due to the presence of

nitrogen end oxygen active species.

e i
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Ldboratory studies on the efficiency of cobalt powder as # catlyst
for N atom - O atom reactions suggesied that ona colliston in 10% wonld be
effective, and this would pot result in an cbservable emiscion, If thie
laboratory data were not applicatile, i.e., if every collision was elfective,
and if all nitrogen present in the altitude region was in the atomic form,
the release would be cbserved. No optical effects were observed,

The r.f, return expected from a metal powder dua to Rayleigh
scattering decreascs as the fourth power of the ratio of the wavelength used
to the particle diameter, s0 a very low r.f. cross section for 1 -1000 mec

radars would be expected from the micron-sized metal in the missile sx-
haust. A weak return at 3 mc on the ionosonde was noted frrom the x‘-e‘lo“u,c‘
time, signalled by a telemeter sensing canister pressure, for a six minute
perim'l. at the correct slant rangs. However the higher frequencies of a
battery of equipment ranging up to several thousand mc failed to detect the
ruiease; their sensitivity was to ten square meters of effective scatter sur-

face.

9,3 Conclusicns

(1) The presence of an active catalyst surface of 10' 3

cm” failed to

produce any luminescence in the 130 km region, Velocity oﬂqcfg‘

were not evaluated.
{2) The metal surface of 108 cm3 present as one micron particles
had a negligible scatter cross section for sensitive radars to

several thousand megacycles,

i




(3) The weak 3 mc return for six minutes is unexplained. A fur-

ther experiment suggested is release of metal powder at. lower

altitudes where confinement by ambient pressures might.

give.an effactive denser scatter surface.
10 KEROSENE

One cloud, lda, of 10 kg of.synthetic kerosene was released under

dugk conditions at an altitude of 130 km.,

10. 1 Objectives

The objectives of this experiment were'(1) to determine if any
fluoresacence or chemiluminescence would be observed from release of

hydrocarbons under sunlit conditions at high altitudes, and

{2) to determine what persistence would occur by solar scatter from a

vaporizing liquid

10.2 Discussion

Laboratory stydies suggested a synthetic mixture containing

equal quantities of single paraffin, cycloparaffin, and aromattc com-
pounds, Toluene, cyclohexane, and n-hexane were selected, The
synthetic 'kerosene'' was heated to 200°F and pressurized with nitrogen
to 1200 psi, then at altitude, was .‘vented through an orifice over a thirty

second period,

Visual observation following ejection showed a large spiral with a
10 km radius caused by jetting of the fuel .into the low pressure ambient,

while the vehicle spun at about 1 rps, over the thirty second release period.

34




. Persistance of a given position of relessed materiel navee siconded 3 - 1o
‘ seconds, and foliowing the ejection, the vieible structire disappeared whili- |
'; in 10 seconds. '

Optical observtions’ ®3snowed the sume spiral, but intensity was
too low to obtain any spectral resolution. No sigunificant residual ernisaion

from the vaporized gas was evidant on sany records after ten seconds follow-
ing the emptying of the payload. |
' ‘ Ng r.f. reflections were observed.

10.3 Conclusions

(1) No persistent chemiluminescence or fluorescen.2 was obtained
by release of hydrocarbon fuel components at altitude.
(2) Vaporization or dispersion of the liquid droplets wes so rapid

that residual solar scatter did not exceed 10 seconds.

10.4 Suggested further data an sis

(1) Computation of effective optical scatter surface,

11, SOLAR SCATTER FROM SMALL-PARTICLE wum

Four clouds of micron size inert solids, Frances, Lily, Mavis,
and Hedy, were released at altitudes from 69 - 150 km, with p;yloa&l of

3 - 18 kg, under sunlit conditions.

11,1 Objectives

The objectives of this group of experiments were

b ]
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(1) to determm; the optical scatter -cross section of micron
particles at wavelengths longer and shorter than the particle
size, viewad from various scatier angles between the sun, the
solids cloud, and the observer.

(2) to determine the rate of dissipation of a mass of smalil particles
released intc a low-pressure ambient,

(3) to determine experimentally the drag on very amall particles
by a gas; first the expanding release gas, then the ambient gas,

and to relate this to expected theoretical drag.

11,2 Discussion

The payloads consisted40736f‘ particles of measured gize distribu-

tion loosely packed ih a cylinder pressurized with nltrogeh to about € atmos-

phere; releage Mavis contained 3 kg of 0.03 micron aluminum oxgide, with a

calculated cross: section of 3 x 108 cmz; releage Frances contained 8 kg of

0. 35 micron aluminum oxide with a cross section of 7 x 107 cm.z; release
Lily contained 8 kg of 0.2 -2 micron aluminum oxide with a cross section
of 3x 10" em®, and release Hedy contairied 18 kg of 0.5 - 5 micron specially
prepared fluorescent cadmium sulfide with a cross section of 3 x 10? cmz.

The gas was calculated to expand to 160 meters diameter on reisase at

altitude. The gas and solide were released by a cutting charge placed
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arcund the cylinder near ons end. The total pressure-volums etiergy of the
gu. if transferred to the solid as translational énergy on roha;fo. would
impart & velocity of about 50 m/sec to the mass of the solids.

Optical observation showed a surprisingly rapid growth of the re-

lezsed solids into an umbrella-shaped cloud, The maximum radial growth
of 0.8 km in 0. 25 sec, 2°%%;r 3 km/sec, in about fifty times the rate (30 m/
sec) expected from uniform energy transfer from gas to solid. This can
only be the case if a relatively small amount of material is given a very high
velocity, and a large bulk of the materiai a much lower average velocity.
‘The obaerved parabolic shape did not point along the vehicle trajectory, and
this is believed due to the agpect angle of the canister on release. At the.
instant the cuiting charge opens the canister, & jet of gas pushes out radially
through the cut, carrying solids with it, bsfore the two parts of the canister
can separate. As the parts of the cam;ter separate, the gas stream is de-
.nected, causing the umbrella (parabolic) shape. _

The release Mavis occurred at 69 km, because of poor vehicle
performance. At the time of release the solar horizon was at 100 km, or
thirty km above the release point. The released solids, 3 kg of inert 0.03
micron aluminum oxide, were cbserved by light scatter for ap’pmxi:,utily
one minute after release. This experiment conclusively proves that sufficient
sunlight is scattered below the solar horizon to permit rescatter from inert
solide 30 km below the solar horizon.

It may also be observed here that in all the Firefly vertical probe

experiments, a second stage solid propellant engine was burned at an altitude

k)




of 13-30 km leaying perhaps 20 kg of solid products of unknown particle B

sise along the trajectory at that altitude. Those releases made “predawn”
| with a solar horizon of 60 - 150 kmn, consistently left a trail visible for

saveral minutes after relesse. No nighttime lunnch'laft such a trail,
This confirms and extends the Mavis observation, that the solar

scsatter below the solar horizon is sufficient to obaerve inert zolids 130 km

below the solar horizon. This will not be independent of solar horizon,
however, since the rapidly diminishing density above 150 km will not sup-
port rescatter. Thue a 300 km solar horizon will not permit rescatter from
a 150 km altitude region.

Since the actual variation in optical cross section with wavelengths

3001, 3027“ cannot be stated

from 0.3 - 3 microns is atill being evaluated;
whether different particle sizes give sufficient differences for identification *
of particles of unknown size ejected from missiles.

301.0an d

The light emigsion from the cloudllaute‘d for 1 - 2 minutes
then rapidly disappeared as the optical scatter density decreased further.

Motion of the entire cloud along a ballistic trajectory was observed,

2009 The cloud Hedy released at 108 km ghowed no significant variation

over 90 seconds from a vacuum trajectory within a 0.2 km position accuracy i

as it proceeded through apogee at 130 km and then fell. 2021

11,3 Conclusions

(1) Ejection of micron-sised particles can occur at very high

velocities aven with relatively low temperature, low pressure
gas &3 the driving force.
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(2) Micron-sized particles are optically vigible liy soias scetber
at a density of 10 kg per 100 cu ke, and possibly baliw this

value.

(3) iInert solids can be observed well below the solar horison, (st

an altitude of 10 - 20 km when the solar horizon is at 180 kxn)
by scatter of sunlight first by the atmosphere to regions below
the solar horison, then by rescatter from the inert solids to
the observer.

' Drag coefficients for micron sise particles at 108 km sititude
are sufficiently low that motion along a ballistic trajectory is

not impeded,

1.4 Further data analysis is required to provide:

(1) An accurate integration of scattered light intensity at various

wavelengths and at various scattering angles for various
particle sizes. .

An accurate application of the drag equations for eccelsration
of particles first ejected in a gas stream and then slowed by the

ambient, as a function of particle diameter.

11,5 Further experimental studies should include:
(1) Ejection at & single defined velecity of a nurrow particle sise

range of micron particles to give accurate measure of ambient
density below 110 km.

”'
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GROVEE ¥AON PROTOGIPIEY (0-10 seconds)

Eowerd D. Bliraxrds
Engineering Rxperiment Stetion
Georgis Institute of Technology
Atlants, Georgis
BQUIFMENT
The Eyemo 35 mm movie cmﬂmuedtoncoﬂclaﬂmthdum;tmfmtmm&h
after burst. At least one of these cameras was located at each of the four optics um-".(")‘
The cameras were equipped with 50 mm focal length lenses st speeds of £/1.1 and £/2 end were
operated at 4 frames per second. Royal X-Pan Recording fila was used for most firings.

EXPERIMENTAL FESULTS

Usable date were recorded for twenty of the rockets fired during the 1960 series. In
most cases simultanecus photographs were obtained from two or more stations. Due to high sky
background and faint clouds, data were not obtained for Zelds, Anne, Norms, Arlene, Rena,
Linde, and Mavis.

prscusazont?)

In carrying out the analyses, each clcud has been assumed to consist of & bright dense
center, called the main cloud, and a larger more or less concentric section of less intense
radistion which is called the "particle wave." The main cloud continusd to grow in size and
was photographed by the X-24 still cmru(l) for periods up to 20~30 minutes or until sky
background became too great for photographic recording.

The particle wave, however, wus much less intense than the main cloud and wvas seldom
recorded for more than s few frames or seconds on the movie cameras. The slowsr optics on the
K-2h system (£/2.5 versus £/1,1) 414 not record the particle vave.

For both the main clowd and particle wave, the clouds vere often elliptical and, hence,
measuresents were made for so-cslled major and minor exes.

0f the five night shots designed to create electron clouds (Cathy, Betecy, Amy, Rath,
and Gerta), data were obtained on all five and cloud growth as a function of time has been

(1) See article in this report entitled "Position, Drift and Growth from Photography,” by

He Do Bdwvards.

(2) At the time of this report; film for Fireflies Frances, Carry, Cathy, Pegay, and Susan ars
being studied in Dr. Rossnberg's laboratory. Plots and photographs are not lnmbh for
Frances, Carry and Cathy. FPhotographs are not availabls for Susan and Peggy. .




seasured for all tut Gathy.(2) For imy and Gerts, cnly dbe iin clood vas detected. For Betay .

and Buth, both the particle vave and the min cloud are present. The photogrephs and dlamiter '

versus tims plots are shovn in Figure 1 for Rith vhichds typical of the night shots. = .
0f the nine dawn electron clowds, data were obtained on all shots excopt Zelds, which '

vas firved during the daytime. Only the main cloud vas obearved on Marie, Peggy, Susan and
Janet vhereas both the main cloud and particle wave wele observed on Lols, Olive, Jeannie,
Dolly and Hilda. Atsospheric haze or film halstion mey be responsible for some of the largs
image sizes noted during the first fev frames. Ealation is probably responsible for the large
imsge size noted for Loﬁ during the first 1/k second after burst. A haze effect or light
ring, in addition to particle waves, wvas noted on Olive, Jeanrie, and Dolly. Figure 2 for
Olive is typical of the measurements vwhich show the two conditions-~-main cloud and particle
wave.

’ Peggy did not have a particle wave but the main cloud grew much faster than the other
shots. Peggy had a diameter of 5 km at burst plus 5 seconds compared to less than 3 km size
for the other clouds at the same time. The plot of diameter versus time is given for Psggy
in Figure 3.

No data were obtained on the carbon arc shots--Teepee Anne and Norme.

Yor the high explosive shots (Carry and Arlene) data were obtained only for Carry n.nd
analysis has not dbeen completcd.(a) '

Por the three solar scatter shots (Mavis, Frances and Lily) date were obtained for
Frances and Lily, andmanﬂysishasbeenmderormmonly.(a) The main cloud is the only
one present and shows a grovth rate similar to the average electron cloud. Growth versus time-
after-burst 1s shovn for Lily in Figure k.

Growth rates for Hedy and Ida, the infrared scatter and chemiluminescent clouds
respectively, are similar to those for the main clouds of the sodium-cesium releases..

Work is continuing in our laboratory on the "why" associated with the wide divergence
of growth rates and presence or absence of particle waves.

Dr. John Paulson of the Geophysics Research Directorate has analyzed the shock-particle
wave problem making use of our data as well as others. The results of his analyses are pre-
sented elsovhere in this publication.
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R. B. Holt

Desvice novolopunt Carporation
Weston, Massachusotts

ABBTRACT.
Our work d “the last 3ix months is described. To date, our
;rogru has consisted y of optical weasurements in the fielad tor Pro t
irefly 1960, Goneral assistance is also being ziven to other ps in -

project, and some :I.abontory work has been done, Thia report gives owr pro-
gran ob ectives, tho scope of the work, a desciription of the equirment eon-
structed and used during the past six months, snd the observetions mede duriig
the summer series of chemical releases,

The observations which we have made in the field for Project Firefly
were designed principally to study the effects listed in the following para-
graphs, Although sorw of the woerk yields results of general gecphysical inter- .
est, the emphasis is on measurements designed to obtain information for military
application.

One of the objestives of our program was to study ths possibie exis-
tence of tha shock wave which previous tests had indicated was present and
might haw hihauor which was somewhat anomalous., PFor thia purpose, we aset up
photomultiplier equipment which was provided with narrow accsptance angle
optics and pointed slightly off the burst, This equipment should have detected
the precence of such shock wavea, but the results were negative. During the
course of the test, a good portion of the photomultiplier equipment was diverted
to the somewhat different purposes of attempting to observe spectral d;-tribu-
tion of the light emitted from the cloud some seconds after the burst.

Another objective was the s tudy of the early time behavior of the
burst, with emphasis being placed on the study of possible particle waves
emitted and on the spectral diastribution mmd total light intensity emitted
during the early developwment of the cloud, Both photographic and photomulti-
plier techniques were employed for this purpose, snd ths results are being
correlated wvith P reflection dete in order to determine whether there is &
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possibility of expleining some of the veriations in RP perforasnce of the clouds
by examination of tho early tims developent, Similarly, the same generdl tech-
niques are being ussd to study clectron removal and to study the possibility of
simulation of nuclear blackout conditions. Spectrographic measurenent seems to
be onie of the moet fruitful means of analysies of the processes responsibie for
the various phenomena which occur on these upper atmosphers relesies,

Polarisation effects are of importance, part:lculn'iy with respect to
use of roleased light-scattering material for decoy purpoées and for the pos-
sible detection of the use of such techniques by an enemy, Although the pri-
mary purpose of released material is the oreation of infrarsd scattering, which
is the problem of groups other than our own, we felt that making measurements
in the visible region would 9dd information as to the possible detection of

' decoy techniques, We therefore equipped some of our photometers and cameras

with polarization attachments.

Our optical measurements on the trail releases which were planned
were to have been applied to the dynemios of missile trail detection. The
inotrumentation problem connected with the analysis of the spectra emitted by
the trail releases is quite similer to that applicable to missile traile in
general, and could aiad in the design of countermeasures equipment, and early
warning equipment for the detection of missiles, and also in the detection of
countermeasures being employed by an enemy,

We also assisted Dr, Sam Silverman at AFCRL in the measurement of pos-
sible cesium flash phenomena which it was thought might ocour a day or so fol-
lowing these releases. Although no positive result was obtained, this work has
direct applications to the problems associated with spreading of materials in
the upper atmosphere and to the computations which should be useful in prediot-
ing such offects 28 nuclear fall-out, Some of the work on the optical proper-
ties of cesium ions in the upper atmosphere may heve application to ion propul-

sion engines for space vehicles.

T™he work under this contract involves prinoipally an optical
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observation and ifiterretation program for Project Pirefly. To e we have
conoentrated on messurements for the Firefly 1960 relesss series, and have about
thiwe-fourths completed the interpretatica of the data cbtained. In suppors of
the saxs program, laboratory study of the properties of cesium ions has oo~
timed ob a relutively low priority besis. Our cbservational work in the field.
bas been conoérned mainly vwith uhort;tim pheltiomena of the chemical riloujo‘;”
but e variety of other optical work is also in progress, both within our o
progran and in suppoirrt of other Project Firefly groups,

Generelly spesking ocur msasurements involve a combination of photo-
graphic and photomultiplier measuresments, both types of techniques being used
in ocombination with light filters cowering a variety of wave length regions.
This is an approxi_utton to a spectroscopic methcd, in soms cases well suited
to the conditions existing in the chemical relesses end in other cases merely
supplementing messurements being taken by othexr groups. Although not enough
experiments which were presumabdly identical insofar as externel enviromment
(altitude, degree of Sllumination by the sun, etc.) have bsen run to make & .sige
nifiocant comparison, we believe that the reproducibility of the results obtained
will depend largely upon the reproducibility of the initial rclease conditions.
It is possible to study the reproducibility of the rirst few microseconds, at
least, of the initial release conditicns fairly independently of the altitude
of release and other factors, since the interaction with the ambient does not
oocour until later times, Remarkably enough, one of the most disturbing results
which we have obtained, and which our efforts ars now being spent in trying to
interpret, has been a pussling lack of consistency in the initisl behavior of
supposedly very similar packeges., We belicve that the first few mioroseconds
or milliseconds, which uctmuy-‘il the pexiod in which the initial boundary con-
ditions are set, may have a great deal to do with the subsequent perforwance
of a particular packsge. Our high speed photomultipliers (for the microsecond
and early uillisecond range) plus our fast cameras (for times of a few milli-
seconds and longer) give the possibility of making a fairly complste study of
this time range. Unrormto'ly. the data obtained so far by thase techniques
is only partially quamtitative (although some very interesting qualitative in-
formation has been secured) and has not yet given veory much in the way oi'
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dobid Jod spectral informmtion. In the time renge betweon the micresecond and
millisécond range and the first few seconds, our slower mofion picture. camérss
carry photographic coverage up to the Mgiming of the Georgla Tech coverage.
Por still longor times {as well as Por short times), photomultipliers equipped
with various filters can follow the burat and the developing cloud and give
date which is superior to that obtained by films, or with image orthicons, on
the actual total intemnnities being emitted. The signal to noise ratio in deal-
ing with the low inteisity, diffused burst in a substantial background of light
48 the principal problem in using such equipment, espeocially sincs the movement
of the ocloud end the development of daylight makes the determination of the
neise or background lovel more difficult, Another serious problem in taking
quentitative data is the fact that shots must frequantly be made with partial
¢loud cover, and reflection from the clouds can easily confuse the readings
which are obtainad,

We have also assisted various other groups in their Pryject FPirefly
ocperations. Among the se are Dr. S8am Silvermesn's search for cesium flashes
(corresponding to the twilight sodium flashes regularly observed) from three
locations, the University of Maryland's use of a Fabry-Perot interferometer in
an attempt to measure ths temperature of the release from the qpapo of certain
spectral lines by providing pre-fogged film, Geophysics Corporation of America's
interest in the observation of certain cesium recombination lines, and the pro-
vision to Bendix of certain photometers for possible missile trail observations,

Our activitics other than observations in the field and interprota-
tion of data have included the coﬁltmction of a precision high voltage power
supply for the laboratory work at Air Fcrce Cambridge Research uboutoriels,
which 1s now in final test.

The squipment employed during these tests has been degzoribed in some
dotail in our last semiannual report (30 June 1960)., Tis re were & few modifi-
oations end changes, which will be mentioned here, and in addition, it is prob-
ably worth presenting & brief summary of the equipment actually used, even
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though this wili %e partly & repetition of the préevious report.

Tlie equipment was installed in a house trailer which: contained the
oloctronic and other dnvices walch we employed., %This trailer included a
photographic du-kroon, a workspace, and a ocollection of spare parts and mainten-

arice facilities. Also, the largest single plece of spparatus which wo used was
mounted in the trailer. This was a multiple unit cathode ray t;:be dieplay used
in conjunction with ths photozultiplis detectors, diagrammed in the figure
shown in the previous report and rsproduced here., Briefly, it Snoiudod 24
eathode réy tubes, arranged to give as wide a3 possible coverage of t he initial
phases of the release, BEach of the 2 tubes was suppiied with a separate
amplifier, and 20 photomultipliers were provided with associated lens systems
and various optical filtsrs. 8ix different filter sweep choices were possible,
any sweep being aveilable for use on any of the cathode ray tubes, Any ons of
the sweeps could be triggered from any of the saveral availsble triggering
sources which could be fed from the photomultipliers themselves or from any
suxiliary trigger that might be supplied. Camera equipment for photographic
single traces on these cathode ray tubes and for continuous photographic re-
cording of the cathods ray tube which is sllowed to "run free" was provided,
This equipment was finished during the test and was available only for the
later releases, so that unfortunately its full potential was not realised during
this series, We still believe that its use will provide the rvery best avail-
able quantitative 1Moﬁtim on the early development of the burst,

The use of the squipment was somewhat different from that originaily
contemplated in that the absence of evidence for distinct shock waves on early
shots caused us to plan more experiments for obtpining information on the spes~
trum of the developing clouds and less experinments for the initial shock wave
evaluation. In view of this change in emphasia, we set up four recorders of
the pen type (Varian Model G-2) for recording the DC outputs of some of our
photomultipiiers, equipped with various filters. A simple ocormmutating arrange-
ment was incorporated towards the end of the series to increase to eight the
numbar of photomultipliers recorded on this type of instrument,

The mounts for aiming the photomultipliers and associated equipment
wvere of two types. The first was & modified Navy gun director mount similar to
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the oties usad during the teste last year. Thess mownts wor‘ Antediled princi-
pally for uss with tracking flarés, which were attached to aoms of She rockess.
Unfortinately; the failure of the flares in a largs number of cases preventéd
these wounts from being very useful. Trackinz mounts, of course, enable the use
of our optical ¢quipmont with relatively narrow dccoptance anglos, ‘which in-
cresses the probability of receiving sufficiently large signals (with respect

to ambient light noise background) and which permits more accurate spectral
dtstribution informtion due to this improved signal to noise ratio. Two of
thess mounts were employed, one carrying photomultipliers and the other carrying
cameras and photomultipliers. The othsr type of mount used was a fixed mount
{which was set pointing to the expected burst location before the firing) anmd
vhich carrisd optical equipment of relatively wide acceptance angle. Thess
fixed mounts could be roteted slowly, md were changed in position to follow

the developing cloud in a number of tests. A primery difficulty in 6onnoction
with the use of both the tracking and the fixed mounts was the lack of recording
equipment for following the position of the mount, which made it difficult to
determine shether certain signals obtained were actually due to changes of sig-
nal level or simply changes in dackground due to the movement or the mount

which caused the photomultipliers to be seeing a differemt portion of the sky.
The optical equipment mounted on the semi-fixed mounts included photomultipiiers,
streak cemeras, and other relatively low speed cameras. One of the semi-fixed
nounts also carried a snoocperscope, for examination of the cloud vigually by
infrared, and was useful in tracking some of the clouds after they had become
invisible to the ey,

Wo used a nmumber of gelatin filters covering various regions of the
spectrum, and also had availuble approximately a dosen interference filters for
very narrow wave length bands. All of our lens mounts are equipped with pro-
visions for ltanﬁard filter holders, and the various filters could be inter-
changed between units of different acceptance angles and units having various
types of detectors. While we did not have any such equipment available during

_ this serdes, it would be very useful to have an iris diaphragm type of stop

located at the focal point of the lens systems, to allow us to vary the asceps~
ance angle during the development of the cloud.
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O Jenses are mounsed directly on the photomultiplier housings which
we used, These housings are of tho genoral types, one suited to end-on type
photomultipliers, and the other suitéd to the 931 typs of unit. Both are pro-
vided with some presmplification and oathode follower output to make pos-
sible the location of the photomultipliers at a considerable distance from the
display unit,

Photographs of the mounts are included as figures as part of this re-
port,

Any of the photomultipliers may be connected to any of the amplifiers,
or a combination of them. It is possible to examine the difference in output
of two photomultipliers, one of which can be directed toward the bdackground,
and the other which can be directed toward the cloud. The trigger units and
sweep circuits provide sweep lengths from cne microsecond to 1" seconds in total
length, and can be arranged for either self-triggering or for single sweep opers
ation,

We also conatructed a rotating polarization detection device, con-
sisting of a three-inch clear polaroid disc which is rotated at a speed of
thirty revolutions per second, and is placed in front of the lens and detector
combinetion, Unfortunately, due to 60-cycle pick-up, which we were not able to
remedy in suffioient time, this unit did not prove to be particularly useful.
We tho'retoro had to depend on hand operated polarigers dwuring this series of
testa,

Our photographic coverage was provided partly by our own group and
partly by the photo-optics group at Eglin Air Force Base., Also, Fastax camera
equipment was operated by the Vitro Corporation. We have undertaken to inter-
pret all the films obtained, and the generel photographic coverage of the early
time after burst is described below,

We employed the same general type of streak photograph measurement
vwhich proved valusble in the 1959 Firefly tests, and had at least two of the
modified Dumont stresk cameras on all of the tesis and were able to obtain four
such cameras for about half of the tests. While we originally intended to have
only one of the stressk cameres equipped with Vitro time signals, we were able
to have all of them so equipped beforo the series ended,
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PHOTOMULTIPLIER UNITS ON FIXED DATA CAMERAS ON FIXED MOUNT.
MOUNT, EQUIPMENT TRAILER IN
BACKGROUND.,

TRACKING MOUNT WITH PHOTO- DUMONT STREAK CAMERAS uN
MULTIPLIER UNITS, CAMERAS FIXED MOUNT
CAN MOUNT ON CROSS MEMBER.
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Pébtax cameras operating at 500 fremté per second (.001 sscond expos-
ure) were used on most of the tests, Three of thess were equipped vith 2-ineh
lenses, giving an approximasely 8° vertical field of view (and correspondingly
larger horisontal fields) and vere stationed on fixed mounts whish were pointed
to the expected burst angle. Two sdditional cameras with L-inch lenses vere
used on a tracking mount, but the failure of flares made this type of coverage
rather unsatisfacsory, in that the rapid rate of film consumption and the low
1light intensity available combined to cause the operator to be out of film and
to be dealing with too weak a source to photograph at the high speed employed
by ths time he oculd awing onto the burit,

We were able to obtain good intermediate speed coverags with Milliken
16 mm cameras, two of which were placed on a fixed mount and equipped with
l-inch lenses and 2 more of which were on a tracking mount equipped with 3-inch
lenses. The l-inch lenses employed were very fast (Fl.1l) which proved to be
very useful withk the relatively weak sources provided by the bursts., Here, the
problem of using the cameras on a tracking mount was somewhat less than with
the faster cemsras in that the film lasted longer and the exposure was greater
due to the slower speed. The operating speed of the Milliken cameras m
128 frames por second.

Four Mod IV cameras, two with 3-inch lenses ¢n a fixed mount and two
with 6-inch lenses on a tracking mount, were employed, Those oameras operated
at 20 frames per second, end excellent results were cbtained with the tracking
mount of some shots. The semi-telephoto type lenses and the 35 mm film on
these cameras gavs much more detall where they did obtain pictures than was ob-
tained in other ways,

In all of the above cases Vitro time was included on the film and,
except for instances where the time record was lost due to equipment failure or
lack of proper exposure sotting, it is possible to know the absolute time at
whioh any particular frsme was exposed with an acouracy of .0l secind. This
feature has proved invalusble in the interpretation of results in tiat many of
tho f£ilms which contain.od good information hed to be exsmined with care near
the portion of film corresponding to t;arst time in order to dstect the images,
since thess are very small (on the order of a few thousandths of an inch in
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alametsr) in many cases, Purthermore, in cases only & few fraste. of Liformysise

has been obtainsd, the coincidence in time of these franes with thoss M other

caneras 61’ the same or different types furnishes caipelling evidence &hit

artifacts are not being mistalken for bursts. Finally, the information on esnt

burst time 1s of value in the interpretation of magnstometer tests belng mede
by other groups.

The solenoid operated 16 mm cameras mentioned briefly in the prsviows
report were employed with good results on most of the tests. The method of
using these cameras was to operate six of them with an exposure of 2/3 second,
an addi tional 6 with an exposure of lj/3 second, and an additional 6 with en
exposure of 8/3 second, ‘The switching operations of the solenocids were 80
synchronized that the dead time between exposures was out of phase on each
sucoeeding step of exposure time, so that at every instant of time at least
12 cameras had open shutters, This precaution was necessary to prevent
sccidental missing of the original burst. Each of the six cameras in a particu-
lar exposure tims group was equipped with aifferent filters (chosen to suit the
experiment at hand) and several types of film werse employed (high speed infra-
red, roysl X panchromatic, linagrevh ortho, etc.) in order to obtain approxi-
mate spectral information on the turets.

I, EXPERIMENTAL DATA AND RESULTS

In this report, we shall describe the experimental data obtained on
the motion picture cameras in a qualitative way. For an exemination of the
genaral type of pictures obtained and clarification of comments made herein,
the reader is referred to an atlas of photographs which we have prepared from
the fiims obtained, This atlas containa over 500 Photographs, only a few of
which are reproduced here simply due to the difficulty of handling this bulk of
material and also dus to the faot that many of the exposures are sufficiently
woeak to .give difficulty in roproduﬁtion.

As mentionsd in owr previous preliminary report of October 10, 1960,
although field difficulties prevented obtaining as much date as we would have
liked, particularly on the early tests, we did obtain approximately 8 miles of
novie film, over 160 Varian recorder charts, end spproximately 2 dosen rolls of
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magetio tape on which we recofded the results obtained and the couents madd
during the aotual firings. At that time (October 10, 1960) lppﬁniltily"ﬁoo
man hours had been spent on the results, and it was utll;t'd that ve vere
spproximately one-fourth of the way tirough with the evaluation of our dats from
Pirefly 1960, At present, over 1000 additional man hours have been spent on
thess results, and we now estimate that wé are beiwesn tuo-thirds and three~
quarters of the way through with this sevaluation procedure. We have completed
the exmmination and printing of pertinent portions of the 35 mm and 1lémm motion
picture film, we have oxamined all of the Varian recorder charte and have lo-
oated burst signals on & number of these, we have read the results off of all
of the magnetic tlpltl. and have sxsmined the Dumont streak photographs and the
data camers photographs in a preliminary way. We still have the detailled evalu=-
ation of the Dumont and data camera pictures to do, as well as ocompletion of

the microphotometry of a number of the films.

FIREFLY MARGIE ' 13 August 1960

Good data was obtained on photometers, with the burst appearing as a
pulse approximately 20 miilisecondes long, with a rise time much less than
1 millisecond, and with a fast decay. The chart recorders slsc show the burst
clearly, as well as a considerable period of following the intensity from the
cloud. During this test, the persistence was long enough so that it was pos-
sible to try swinging on and off of the cloud several times, and the results of
this work are being analyzed.

Photographic coverage was good, showing clearly both the initial burst
and the later build-up of the cloud. Data was obtained until the end of our
£ilm, The exact time of burst was found to be 0l4:37300.,60.

Development of the cloud is shown on the sccompanying photographs, and
it can be seen that the gpparent diameter is 1.l kilometer at burst falling to a
value of 0.7 kilometers at .05 seconds, and gradually building up (after 0.2 sec-
onds) to approximately 1 kilometer. Photographs of this burst are also in-
cluded from faster cameras, showing the difference in appearance which is ob-
tained by the two different types of photographic coverage.

Good coverage was also obtained with the solenoid oporutoh cameras,
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with the drifting of the oloud showing up clearly. Sowme spectrogrephic data,
not as yet reduced, will be available from these photbmphﬂ.

ZIREPLY MARIE 9 August 1960

The 15° difference between observed elevation snd predicted elevation
on this burst pmonto;l any of our cameras from obtaining coverage of the in-
1tial phases of the explosion. However, by 04:38:28.3 (approxinatoiy 2 seconds
after predicted burst) our tracking cameras were following the development of
the cloud, and we have excellent pictures covering a long Gime (until the end
of our films),

Due to the necessity of swinging the photii:.itiplier unit onto the
burst, and due to the variation of background intensity with sky position, 1t 1s
difficult to interpret the result of the chart recorders. While definite varia-
tions were observed, and we are attempting to correlate them with possible
changes in intensities with time, more work will have to be done on this phase
of the data before we can meke any positive statements.

The fixed mount solenoid operated 16 mm cameras naturelly did not ob-
tain information on this burst, due to the difference in observed and predicted

olovation.

FIREFLY LOLA , 15 August 1960

A good burst signal was observed, with a large amplitude and very fast
rise. The build-up was certainly faster than 1 millisecond, and the decay of
the initial signal faster than 10 milliseconds, Large photometer signals were
obtained, which threw all units off scale initially. The chart recorders show
the burst clearly with large intenslities, and this data is being analyzed at the
present time, '

Good photographic coverage was also obtained. The exact time of burst
was 04:38:00,12. The fixed cameras caught the initial portion of the burst and
the tracking csmeras were in position in approximately one and a half seconds,
giving good coverage of the growth of the clouds from that time until the end of
the film,

Photographs of the initial build-up of the burst are included from the
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128 frimes per £¢cind ecinoras shiwing a large initidl épparent disister (1.5
kilometers) with un apparent decréase to 1eos than 1 kilomoter at 0,31 i.bondlg)
followsd by slew increase. One photograph from the 20 frame per second ocamera
is included, at e 4O second time, to show the distinotive appearance of the
burst as it develops,

EIBRFLY ZEIDA 25 August 1550
Attempts were made, by the use of heavy filters, to photograph ﬁul

shot. Preliminary exaiination of the film is dissppointing, with no vesults
seen, It will be necgssary to re-evaluate this film, but we are of the present
opinion that there will be 1little or nothing in the way of data,

8imilarly, sttempts to use photometers with heavy filters and with
pohnurl‘ proved fruitless, in view of the daylight conditions prevailing
during the launch,

PIREFLY PEGGY 16 August 1960
Failure té turn on the tape recorder during this test resulted in

meking our charts from the Varian recorders extremely difficult to interpret.
Whether or not information that is useful san be rescued from the available
charts is speculative. No effort to interpret the data has yot" been made,

Very éeod photographic -coverage was obtained, with time of burst
established at 04:41:50,75 #+ .05 seconds, The burst had & small initial dia-
meter, and grew to over 1 kilometer in diameter in less than 0,2 seconds. Sowme
asymmetry was noted in the appearance of the burst as the development prooceaded.

.2 LIVE 18 August 1960

The very large background present on this test, due to tho late firing,
nade setting of the photomultiplier units partioularly difficult. Typiocally, we
were coperating with the units turned down to approximately ono ten thousandth of
their maximum sensitivity, Probably dus to this cause, we did not notice any
initial burst signal on the ouu].oleopu'.

The photometer traces do, however, yield signals over the first few
seconds., For example, an infrared tube shows the siéml building up within
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spproximately 10 seconds after burst, gaining in splituds for almost one mifute,
then starting to deoay. An iwmedimte signal on a photometer equipped culy with
a polariser, decayiiig in approximately 15 seconds, was also observed, These
data #ill be plotted on an absolute basis in the near future, and inoluded with

the néxt report.
Examination of the film shows the burst clearly visible at 0l341:50.16,

with moderate persistence of the images on all cameras. The development of the
oloud is shown on the accompanying photographs, some of which were taken on the
128 frame per second cameras, and the others on the 20 frame per second cameras.
An initial size of .35 kilometers, even during the first .01 seconds, is ob-
served, with very rapid increase of size to approximately 1 kilometer,.

'PIREFLY JEANNIE 10 August 1960

Excellent photographic coverage was obtained during this test. The
tracking mount was directly on the burst, giving us semi-telephoto photographs
of the initial development. The time was 04:36:40.80., The fast cameras hed
enough intensity to follow the burst for approximately 2 seconds, while the
slower cameras (20 frames per second) followed for a few more seconds., The
solenoid operated cameras obtained data for considersably longer period. &Spec-
tral information should be available fram these films, after they have been
photometered. Development of this burst on both the fast cameras (128 frames per
second) and slovwer cameras i3z shown on the photographs which are reproduced
herein.

. Large signals from the initial burst were obtained on the oscilloscopes,
and on the chart recorders. The initial burst corresponded to a pulse with a
total length of approximately 20 milliseconds, although it can be seen from
analysis of the chart recorder data, which is included in the ascompanying
figure, that the signal persisted for considerably longer at a much lower level,

EIREPLY SUSAR 17 August 1960

Excellent photographic coverage of this shot was obtained on all
camsreas. Very rapid growth of the original cloud was observed, and the images
pereisted until the end of our film. The growth »f the cloud seems to be
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oouipletely normal and reguler without the apparsnt very large size at the be-
gimning $ypical of certain othier bursts,

Burst time wap O4:i3:49.33, and good agresment was obtainsd between the
various films eximined insofar as burst time was concerned. Murthermore, thy -
telephoto lens cameras were apparently diractly on burst, giv:lng‘ul exocellent

photographs on & larger negative size for studyiﬁ;g' the early portions of the
development of the cloud,

We observed the burst on the photometer traces, but the reductien ‘or
this data is not yet complete.

REFLY_DO 27 July 1960

We obtqnod spproximately 10 seconds of dzxta beginning at time
Ol4221:45.685, which agrees well with the time recordsd by another group. This
burst developed very rapidly, with the first frame on the 128 frame: per second
camera showing a diameter of 1 kilometer, de\;oloping to 2 kilometers in less
then 0,25 seconds. Following the rapid initial increase in size at burst the
growth was much slower. The intensity decreased relatively rapidly, apparently
with a time constant of approximately 0.3 seconds,

We have satisfactory data on the sclenocid operated 16 mm cameras for
bridging the gap between the very fast and very slow regions, and have some
spectral information available from this source.

Interference due to lightning flashes prevented certainty in deter-
mining whether signals were observed or not on the photometric equipment. While
further analysis of the dats will be attempted we noted that signals many times
background were being oaused by the lightning flashes, 20 that it is doubtful
that we can definitely assign deflections on the instrument to the burst.

FIREFLY CAT 29 July 1960

The burst was obmerved at 02:33:444.8 + .05 seconds. The initiel flash
of light decayed with a time constant on the order of a few hundredths of a
second, and the build-up of the original light intensity was much faster than
10 milliseconds, Here again the full sisze was reached ont he first frame of
the 120 frame per second cameras, corresponding.tc spproximately 1 kilomster,
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The high intensity portica of the clowd decressed in sisé rapidly aféer tie
initial burst. : i

The photometers operated properly, and data was obtained for sppeoxi-
sistely S minutes after the initial burst. A small smount of speotral infoima«
tion was secured, which has not yet been analyzed,

On this test, observations were made mors diffioult by the fact that
lenses were wet, dus to condensation.

Data was obtained on ﬂm‘ solenold operated cameras for only a few

seconds,

FIREFLY BETSEY , 8 August 1960

The f£ilm on this test showed a burst time of O4:16:40.62. The inter-
mediate speed cameras (128 frames per second) secured data for approximately
Osl second befors intensity decay prevented further results. The slower cameras
(both 20 frames per second and 1 framé per second) obtained good coverage for
longer times. Initisl intensity was reached quite rapidly (within 10 milli-
seconds) snd the decay constant seems to be (from the film) on the order of a.
few hundredths of a second, }

Although the 128 frame per sscond camsras show full size (spproximstely
0.5 km) on the first frame with decreasing intensity thereafter, the 20 frame
per second csmmera does show a growth of the cloud, This is undoubtedly due to
the fact that the 20 frams per second camsras are picking up parts of the clouwd
that are not visible at the shorter effective cxpo-u.ru on the 128 frame per
second cameras, A "particle wave" geems to appear quite clearly at approximately
0,15 seconds on the 20 frame per second cameras.

Dumont camera coverage obtained some results, but interpretation has
been hampered by lack of good time marks on the film, This film will be studied
further,

There were some lightning flashes during this test, which compliocated
the interpretation of photometer data. However, an unmistakable burst signal was
seen on the oscilloscopes, with a very fast rise (much faster than 1 millisecond)
and with a decay constant of approximmtely 30 milliseconds.

The burst is also clearly visible on the chart reccrders, although
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interprotation of the results at later times is complicated by the faot that the
background is inoreasing rapidly and by the fact that the clouds ssemed to be
moving quite rapidly, meking the tracking problem rather sevore,

PIREFLY ANX . 28 July 1960

We have determined the time of the burat on this test to be 02:32:45.26,
in good agreement with the value reported by ;:thera. We wers able to obtain
initial bmt'duta, showing full devslopment of intensity within less then 0.01
seconds, with the cloud apparently at full size on the initial recerd. This
appears to be approximately 1 kilometer, with only very slight expansion of the
original cloud apparsnt as tims went on.

Our solenoid operated 16 mm camersas were able to follow the burst for
several seconds, but the intensity was quite low.

No photometer data was obtained, in spite of almost ideal: background
conditions, due to failure of the -1000 volt power supply serving the photo-
multiplier tubes,

FIREFLY RUTHY 1 August 1960
On this test we wers able to establish the time of burst as

02:32:29.33 + .01 seconds, The data obtained on the fast cnmrtfs showed a very
rapid rise of the initial pulse (faster than 10 milliseconds) snd a decay con-
stant of approximately .02 seconds. The size of the initial burst corresponded
to approximately 0.5 kilometers with full intensity evident on the first {rame
and decreasing intensity thersafter,

Preliminary examination of the Dumont strip camera data shows no use-
ful signal above bsokground level, although the film is clear and the time marks
are quite good.

Equipment difficulty (shorted high voltage cables) prevented obtaining
photometer information on this test, ’

F GERT 6 August 1960

The photoweters showed a large burst signal approximetely 50 milli-
seoonds wide, with a rise time of less than 1 millisecond, Also, the Varism
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recorders showsd the burst oloarly, with seveirl 2seonds of good daba following
the initial explosion. Very low background made the data very clesr, and 1%
should be possidble to deduce some information on speotrum froi thed¢ recdrds.

Although faulty functioning of the Vitro time rdaceiver masde it neces-
sary to examine.the film frame by frame, the buret was located and the instial
rise traced, From &n initial dismeter (at burst) of approxiutolj 0425 kilo-
meters, the cloud grew to OJi kilometers at the emd of .05 geoonds, 0,6 kiloe
meters at the end of 0.1 seconds and became very diffused and diffieult to see
by the end of 0,15 seconds. The appearance of the cloud is shown in the photo-
graphs included,

FIREPLY JANET 26 July 1960
Examination of the film from the 20 frame per second and the faster

cameras failed to show any trace of burst on this test. We have obtained photo-
graphs with approximately 1 second exposure on the solenoid opersted 16 mm
camerss, and should have some data available here on relative spectral distri-
bution of the emitted light for the first few seconds after the turst, 8ince
we have not been able to locate the burst on the faster cameras we are not able
to give an accurate time for this burst. The photographs which were obtained
showed very little difference between the 1ntgnaity of the burst and the aky
background, at least in the blue region of the apectrum,

No photometer data was obtained, dus to large background intensity
and the small difference between background and signal levels,

FIREPLY BILDA 1 August 1960
Poor recording of Vitro time on the film hampered interpretation of

this data, The films have been examined frams by frame and no image hai teen
found, Likewise, no burst was visible on the photcmeters.

Piim from the solenoid operated 16 mm cameras has not yet been com-
rletely examined.

PIREFLY CARRY 18 July 1960
Analysis of the films obtained gave us a burst time of

! t.""‘
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3.2&:.925 205 Skoos 1 RiLAgRT

VITRO TIME AT jmﬂ! Q

2.05 SEC L.15 SEC 10,60 SEC 22,10 SEC

BURST +05SEC
FIREFLY GERTA, #0752, MoD IV CAMERA,
VI'.I'BO TIME Ol’ BURST NOT AVAILABLE

BURST +0SSEC «108EC .9581§c
FIREFLY HEDY, #603682, MOD IV CAMERA, 20 FPS, TSMM LENS, £ 2.2

VITRO TIME OF BURST 12,48 .3 1 KILOMETER = pomaey

595880  22.958m0.
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04103328,1 £ .05 seconds. This high explosive shot give a very kel fiish,
showing up as 3 fremes on the 20 frainés per secebd cameras, An alhﬁ!"l‘,iti&
foatur's was noted, in tirat the second frame of the three frames obteined sesss
to be in the -upo of a doughmut. It is intendsd to photomster this f1la stuee
the pioctures are vory clear and the film is well \d.ﬁnn its proper uum.
s0 that quantitative data oan be obtained. Framo by frams exsiination of W
higher speed camera film has 2ot ylelded any images, and, due to the fact tha$
the Vitro time was not dunctioning properly on these cameres, it is mot poésible
to looate exactly the portion of the film that coivesponds to the burst time,
No ligxul sbove background was obtained on the photometric equimment.
although two photomultipliers, one equipped with a polariser aﬁd another with
no filter, were trained on the expected burst location,

FIREFLY ARLEXE - 15 August 1960

Laock of Vitro time on the photographs for this shot made snalysis
difficult, However, no burst has been found and we do not believe that we have
any data for t his shot.

The photometers likewise show no data. Our tapes have the commant
that there was s pinpoint of light approximately 8° off of our sesting (which
would have msant that neither our camera equipment nor our photometers would
have been able to pick up the signal) and, although we swung the mount as rapidly
as possible to this position, no further signal was observed,

FIREFLY TP AMNIE 13 August 1960
No data was obtained on this shot either by cameras or by photometers.

The burst was not visible,

PIREFLY TP HORMA 13 Mugust 1960
¥o data was obtained on this shot either by cameras or by photometers,

The burst was not visible.

PIREFLY RENA 19 August 1950
Although an attempt wes made to cperste the photometers during the

-
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Qaylight lsunch of this tést, it was found that background was hopelessly high, .
so that no data was obtained, io osmeras veré operated during this test.

PIRRPLY LINDA 17 August 1960
No data was obtained on this shot either by cameras or by pliotomsters.
The burat was not visible.

FIREFLY MAVIS 29 My 1960
Preliminary exmmination of the films from this test show no sign of

! burst in the vicinity of the predicted time, but it is intended that this find-

ing will be reviewed carefully before being accepted., Likewise, the photometer

data shows no apparent bturst (no deflection on the meters was noted at the pre-
dicted time of burst) and the rapidly increasing background prevented posaible

differentiation of signals from the developing cloud from those of backgrocund,

So far, tis refore, wo haw ¢ absolutely no data on this test.

FRANCES 14 July 1960
We were able to eatablish the time of turst as 04:08:20,92 + .01 sec-
onds., Examination of the 20 frame per second motion picture film shows that the
cloud grew from an initial dismeter of approximately 0.2 kilometers to Ol kilo-
meters at the end of .05 seconds, 0,9 kilowetors at the end of 0,5 seconds and '
1.2 kilomaters at the end of 1 second. Full brightness was achieved on the
first frame, indicating a verxy rapid build-up of initial intensity. The various
stages of the development of the cloud, including a later formation of the
crescent shaped and nebulous form, is depicted in the photographs reproduced
here,

Photometers were not operated during this test,

FIREFLY LILY 21 July 1960
We can establish the time of this burst at 04:05:17.33 + 0.01 seconds,

The burst atarts at a very small sise (less than 0.1 lm) and grows slowly, to a
1ittle over 1/2 kilometer at the end of one second, Our film records on this
burst extend over several seconds, with the initial rise to maximum intensity
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. | osourring in spproximetely 0.0k seconds. We alee ob¥aified guod data cm s

~ Dumont 6trip £4ln cameras on this shot, with a streak eyen cn the fassest spsed
. (400 inches per minute) extending over approximately two feet of £ilm, Fhobd-

motry of this strip will be done. PFhotogiaphs on strip cameras wers obtained
with red and green filters. '

Photometer signals were cbteined on this buret with a persistence of
soveral minutes, Intensity in the blue region was approximatsly ten times that
in the red. We have not as yet reduced the photcmeter data to an absolute
basis,

3

e

[

' FIREFLY HEDY 22 July 1960

We have established the time on this burst as O4:12:48.4 + .05 seo-
onds, The rise of the intensity of the imeges on this film was rather slow.
The initial sirze at burst was less than ,05 kilometers, growing to 0.1 kilo-
meters at 0,1 seconds, 0.25 kilometers at 1 second, and O.l4 kilometors after
6 seconds, Maximum intensity was not reached for almost 1 second and our data
covers more than 20 seconds (until our film was exhausted). The development of
the burst is shoem on the photographs inocluded herewith. Photometer date on
this burat shows smaller signals than in Firefly Lily, with approximately the
same spectral distribution. Reduction to absolute basis hes not yet been
completed, ‘

PIREFLY I ‘ 20 July 1960

Exsmination of the films from this firing showed no trace of the burst
on eny of the cameras employed. Certainly one explanation for this was the faot
that the burst was 6,5° off in elevation, and most of our equipment was set for
a + 5° acceptance angle, On the basis of the results of this shot, we modified
lens arrangementa for future shots to enable us to accept a somewhat Ilarger
angle of view, ‘

Although cur photometer should have been cperative during this shot,
the sesme S° field of view acceptance angle was employed as montioned above,
which prevented us from obtaining information on the initiel burst. No signal
above background was obtained on the photometric equipment,
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RIS Ot 25 suguet 1960
|  Due ta the large aifference betwesn obasrved and predicted elevation
(approxinately k8°) all of our equipment was pointed in the wrong directich on
this launoh, ‘ '
We 41d not obtain any useful information upon swinging the mounts
soward the observed burst,
We have no data whatsoever on this shot,

PAREFLY VENDX 16 August 1960

The 33° difference between observed and preducted elevation on this
shot meant that all of our equipment was off of the burst when it occurred.
Therefore, as might be expected, no photographs wers obtained of the burst.
Nevertheless, the amount of signsl produced by the explosion was 30 large that
we cbtained a large deflection of the oscilloscope (completely off scalse),
probably because of reflections from the clcuds that were in the field of view, .
We attempted to swing the photometer onto the burst, but again, due to varia-
tion of sky background with position, the results obtained are quite difficult
to interpret, Although we shall continue trying to reduce this data (particu-
larly attonptiné to estimmte the total 1light emitted by this burst as compared
to those at higl_xor altitudes), we are dubious that very much ul&'ul information
will result, |

PIREFLY ETHEL 25 July 1960

No data was obtained on this shot either by cameras or by photometers.

The burst was not viaible,

FIREFLY DOTTY 15 July 1960
No data was obtained on this shot either by cameras or by rhotometers.

The burst was not viaible.

PIRBFLY EDITH 12 July 1960
No data was obtained on this shot either by cameras or by photometers.

The durat wes not visible.

i
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’ PARKPLY.TRUDY 17 August 1960
The photometer records on this shot do not show any appreciable aig-
nals, sxcept that a burst was noted at 182 seconds after lsunch, Discussion of

R

T
v

, this burst with the group prount. at the time showed the probability that this
' wes & meteor, rather than the expected signal. The error o time of approxi-
mately two seconds is, we feel, significant here.

Thorouzgh examination of these films hes failed to reveal any images.

Se DISCUSSION OF RESULTS

Although some tentative comments have been made in the preceding text

e e

B T e

concerning various points, no really coordinated discussion of results has been

PR

possible to date because of the fact that our data muwst be coordinated with that
of other groups. We are in the process of doing that at this time, and expect

bl

to inclute in the next report a thorough discussion of the meaning of our re- .
sults as they are compared to data obtained by radio frequency reflection, by
longer time photographic coverage, and by other methods, Also, it is expectéd

P - e

that by the next report all of the remaining data will be evaluated, which will
add approximatoly one-fourth additional information to that already presented.

It cannot be stressed too strongly that the photographs in the atlas

which has been prepared are the best end really only sstisfactory way of seeing
the type of results obtained photographiocally.
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R. A. Parnes
Dr. P. B. Gallagher

Radioscience Lab
Stanford University

ABSTRACT

Procedures and results are presented for the measurement of early-time cloud growth These
are derived from velocities vhich are obtained from Doppler frequency shift records. The results
suggest a predominant direction of growth for each release, Theoretical ensrgy spectral distri-
butions of Doppler shifis are compared to measured values for one case as a basis for determining
initial cloud structure.

I. INTRODUCTION

Radio measurements of cloud growth during the first few seconds after release provide a
weans for observing shock wave phenomena, velocity and velocity decay of the expanding gas, and
perhaps initial distribution of gaseous matter in the cloud. A bistatic CW transmitter-receiver
system was employed in &n effort to obtain some of the answers using frequency spectrum anslysis.
The velocity of growth is sufficient to generate a measureable Doppler frequency shift. This
frequency shift, vhen integrated over the first few seconds, would give the early-time growth
pattern. The resulting curves, when correlated with photographs, might give a basis for com-
paring electron-ion growth against the visable skock wave, gaseous, and particulate matter com-
ponents of the expanding cloud. Bpectrograms were obtained on all thirteen observed FEC releases
(Z214a was not measured) and on the evening twilight Arlene HE release.

II. THEORY
A. Cloud Growth:

The expression relsting maximm Dopplér shift to uniform isotropic growth of a spherical

reflecting surface is
‘Ar] C
v = sec 6 (1)
°

vhen vy << ¢
vhere
6 defines the bisector of the forward scatter angle 'Yr or v, (rig. 1)
v 1s the instentanecus growth velocity of the cloud in lm/sec.
C 4s the velocity of propagation, % 3 x 10° xn/sec.
Af is the waximm frequency shift from £ in cycles/sec,
£, is the redio frequency in cycles/sec.
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Velocity v can be derived.at any time T (if the cloud positicn is knowm) from the udasured
Doppler shift of the CW sigoal, vhich is transmitted via the cloud from Pensacola to Sen Xlas or
Rucker (¥ig. 1). Intsgration of the Doppler shift curves over a period of time T yields a
wsasure of the cloud growth, thus

Grovth-S vat (2)
T

B. IEnergy aistribution of spectral components

Non-symmetrical cloud growth can be detected in the energy spectral distridbution of
measured Doppler shift components at the San Blas and Rucker sites. To approach this problem, a
symeetrical growth model is first assumed for a spherically expanding surface with velocity A
From the geometry (Fig. 2) it can be shown that the velocity component v, measured at either
site is given by

v, = 2v sinfeiny (3)
We wish to determine how many (N) such velocity components are active in aconstant band.
vidth af (1.e., a velocity band dv, = const., since the analyzer filter is constant width), as
contributors to measured spectral emergy. The locus of constant Yy around the spiere is a circle
of radius k cos 8
and length £ =’k cos @ (%)

The width d9 on the sphere of the band which contains all components between v, and v_
+ 4N 1s obtained from eq. (3) ' '

k''av, ,
B - (5)

The total mumber of components is the product of equations (4) and (5), i.e.,

N = [ = kv, = it (6)
apd is independent of frequency. Therefore a flat spectral response is expected for the uniforme
ly growing sphere.

If the sphere grows non uniformly this response is modulated, and spectrsl data must be
watched in each case to a suitable distribution function for mess transport.

III. RQUIPMENT DRSCRIPTION

A one kilowatt input CW transmitter was located at NAS Saufly Field, wvhich is approximately
12 la N.W. of Pensacola, Florida and 80 km West of the launch area. Receiving sites were located
at Cape San Blas, Florida (approx. 140 km East of launch) snd Ft. Rucker, Ala., (approx. 135 km
Yorth of launch) to allow for growth wessurements along two directions. Yor the geomstry
selected (Fig. 1) maximum Doppler shift at San Hlas corresponds to growth approximately in the
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vertical (up or down) direction; st Rucker, this direction is at approximstely 30 dagrees
. slevation angle along & nearly WW Airection.

The transmitter bed an output of approxiwately 600 watts at a carrier fregquency near 25 Me
which fed & 3 alement, 7 db gain, Yagi antenna. The besmridth was sufficient to 1lluminate the
expecied region where 1eldases were made without requiring reorientation of antennas.

The receivars used & bendvidth of about 2 ke, and the HPO's vere set for an output of ébout
300 c/s. Thrée element Yegi antennas were used at both receiving sites.

The outputs of the receivers were recorded on magnetic tape in order to facilitate data
reduction st a later date.

IV. DISCUBSION

The spectrograms thus obtained (Fig. 3a, b,c,d) show many features that may lead us to ob-
tain & better model for the releases. It appears from the spectrograms that on some of the shote
the clouds appear to reflect as an overdemse surface. However, a nusber of releases, especially
at higher altitudes, produce a Doppler spread. This would arise from s gensrally underdense
cloud composed of s mmber of high density scatter canters (Gerte, Ariame, Awy, Ruthy, ete.).
This latter type of spectrum corresponds to cloud growth in many directions. From Cape San Blas
the maximum Doppler shifts result from downvard growth snd an upvard growth. FProm Ft. Rucker,
however, such growth is along a WW-SE direction at 30 degress clevation angle. The lower and
upper boundaries are positions of maximm frequency shift and are used to measure cloud growth
quantitatively. The heavy areas that lie between the outer boundaries of the spread trmces
represent other velocity componants that arise from scatterers moving radially in the expanding
sphere in other than these maximm directions. A close look at some of the spectrogrsms, shov.
many cases of Doppler frequency shift steps. These steps may be sssociated with shock veve

plienowena. It is possible that the first step may be the shock wave while succeeding steps
are vaves of gaseous (cesium) matter.

Fra———

A brief discussion of each spactrogram follows. One must be careful not to misinterpret
the multiples, vhich are produced from overlosding the filters in the sonalyzer squipment. All
possible features appearing on a burst sonogram are indicated in the following sketch:

FREQ., oya.

TWIE 4 S0,
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1. Arlens

The diffusiventes indicates sosttering from many regions of the growing bubble as showh im
the sketch

spectregrem

The absence of a sharp trece corxesponding to any one ray path is ascribed to the
multiplicity of scatterers in the bubble. A strong upper trace appsars in the San Blas but not
Rucker record.

It is believed the Arlens psttern appears also in many of the Cesium releases at burst,
obscuring the growth of the cesium cloud for the first one or two tenths of seconds.

2. Mazgle

The difference in spparent rect size observed from the two sites 1is over 3:1, possibly real,
but maybe from a difference in sensitivities recoxded .on the sonogram. Both recoxds show slight
Doppler broadening on the downverd growth, and no upper trace. (The latter for the same reasons
as Lola below).

3. Narie

A record for Rucker only is available. The difference in payloed is apparent in the in-
tensity of retumms. The lower growth trace appsars clean; however a wore sensitive sonogram may
shov othexrwise. No upper trace is visible.

4, lola

Growth at both sites is to a rest lower radius near 0.4 lm, The suggestion of spectral
broadening in the lower burst -trace forsS. B, may be overlspping of two, fztsnss, clean traces;
these are distinct at Rucker. The two traces must arise from growth of two major portions of
the cloud in slightly different directions. The lack of an upper trace would be a consequence
of the low release altitule, restrictive growth and resultant opaqueness to 25 Mc waves.

5. Cathy

Rest lower radius from both sites differ considersbly. Georgia Tech photographs from site
¥ alzc shov desymmetry. A double izsce on the lower side appears at 8.B., but at Rucker the
trace is rather spread. Avmuhd:tﬂicﬁhnofotwitumwlwmm“m
record. Neither appears to show an initial rate of growth comparsble to shock ionization.

6. Poggy

Initial grovth size vas somevhat less than Cathy at both sites; Rucker showed slightly
larger lower radius. Unique in this record (and Olive) is the clean, smoothly varying trece
vith no steps, and no evidence of shock growth. There is very slight indication of & spreed
mortmoatmmu;hownrtiﬁneomumm, The clean featwes of the traces msy
signify a nearly wnifomm isotropic dictribution of electrons in spherical jgrowth; the fact that
no Doppler spresd sppears outstanding suggests a swooth, opaque reflector during growth. Jeorgia
Tech ghotographs for Burst &0 +3 se¢conds show good symmstry.

1042

i et

ot




N T —— e St -~ - L

T. Olive - '
Initisl growth size was even smiler then Peggy;'a slight larger rest redius was observed
st Rucker over San Hlas. BSimilar tc Poggy, the traces for both sites are clesn, smoothly varying,
wiia no steps, and no repid initiel Joppler decay corresponding to shock growth. Very slight
suggestion of spectrel brosdening shows in thi Rucker record, from the upper side. We ere coming
into altitulles whare the cloud is not opaque. Fhotogirapha show good symmstry, tuat give indica-
tlon of non uniform density.
8. Detsy
mmmwmmm-wumm‘mm-ymmmm,
88 well as differences in sensitivity at the two sites, ruisss :mcertainty as to where the rate
growth curve lies, The 2:1 difference in rest size indicsted in the chart may mot be mssningful.

Growth rate for Betsy is essentially smooth, with a very slight step at San Hlas at spproximstely
+1 second. Ths very prominent spectral bdrosdening is evident espscislly in the {clesnsr) Rucker
record, with an uppexr Doppler component. The cloud at this altitude begins to de trausparent
from the start. The spectral broadening appesrs to persist longer than 4:4 Arlene, m»d although
1t msy initially erise from ionizing shock wave growth, it must in part be a result of scatter-
ing in the clowd,
9., Jeamnie

Rest lower redius was nearly equal for both sites. The sonograms are wmarked by several
peculiarities. Stepped growth was msde fairly evident from the harmonics generated in the Sen
Blas recordings; no harmonics appeared in the Rucker recording and only the one step wes Giscern-
sble there, There is no strong spectral spread in this releess, but s strong convergent double
trace appears at burst in the Rucker record. This may be iomizing shock growth, ss it repidly
deceys; howaver the absence of spread suggests more that the initial cloud growth was confined
into two, probably opposite directions. A second peculiar effect is the overshoot at neer 0.6
seconds, seen only at Rucker. A look at the second harwonic would help to dstermine whethar
the overshoot is real, corresponding to shrinkage of the cloud, or is spsctral brosdening dus to
signal overloading., No cloud photographs are availsble at this writing.
10. Ay

The larger rest size is possibly a result of altitude. Both Rucker and San IMas show
nearly equal radii. A mmbex;of peculiarities appear in these recoxds, as in Jeannie, including
the overshoot at +.6 seconds, steps, and spectral broadening. Stsps are especially noticad in
the harucnics, as well as & poculiar set of oscillations in the second harmonic at Rucker near
+1 ueoml.(hlmnicl miltifly amplitudes of frequency deviaticns). BSpectral spresd st burst is
more than for any of the lower altitude releases. At burst, notebly on the San Blas recond, the
sonograph record has the appearance of Arlene (ehock growth). It would sppear that this
phetomens superimposes on the normal cesium grovth to give the peculiar "reversed slope' of the
growth curve, and that by removing this "shock"growth the burst portion of tlie record would
appear more like Betsy; Doppler spread is still in the record. Shrinkage of the cloud is evident
ot only in the overshoot, but in also & slight droop of the second harwonic curve in the & x
plot at +3 seconds {this plot i¢ not included in the figures). This may be a latent effect of
wdulation of cloud grovth by rebdunding shockwaves, vhich contribute also to the steps. 0Oeo.
Tech photographs show the cloud as & quite symmstrical domut.
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11. Susan

nm-mmmomamum. mttlomhndfuﬂ.m*!.‘h
very noisy. mummmummunmmwnmm&.m
decay shock front. nmmmmu-mumumn,z.o.,mm
turbation st release, appedred minimal, mmuﬂ.mummocmu
mmmmummo.kmmm mwmﬂmm
tnwofﬁccwwm,nitumhﬂ
12, Buthy

The difforence in rest size weasured st the two sites 1s slight. The sonoirwws from these
sites ave, however, different in neariy all respects. The absence of significant spectral brved-
matkmhr'ndlthltmmwawlw,Ihieh‘-atbonofhct.‘dlvwm-
-Mumuouummdmmmm Anopplor"onuhoot'lhooocuuatm,
but not at San Blas. mmmutmummmmm-m'wm
trace at burst, with up end down Doppler shifts. The clowd is very tramsperent fiom the start.
It is of interest to note that the upper and lower "broadensd® traces comverge &t a frequency
ortuson‘ﬂ;elovnm‘nmnronomlerorm. This sy be a result of cloud dysymmetry.
13. Doy

The nearly 2:1 greater rast size at San Blas indicates a non-symmetrical relesse; this is
also in evidence on Geo., Tech photos, but orientation is not certain on these. The 8.3. record

for Dolly is in all respects very similar to Ruthy, inclwling steps, spectral spreed, shock, etec..

The Rucker record displays considereble upper Doppler spresd as well as stepped growth, emd -
clearly shows a Doppler "overshoot™ as did Ruthy at Rucker. There is evidenmce also of oscilla.
tions at +1 second similar to .those seen on Amy, &lso at Rucker.-
1k, Gerta

xhnmtuinortmaertaclomumdomonm\mmmwtmo. This
high altitude release 1s unique in the extreme broad spectral droadening that accompanies. There
is no stepped grovth apparent.’ Part of the difference in upper cnd lower spectrel brosdening is
possidbly due to atmcspheric gradient; however it is probably that a good portion is duwe to the
limited receiver bandvwidth. The San Bias sonogrem shows a down Doppler ‘“scatter® component of
lover intensity, but symmstrical to the upper component. This is believed the shock expansion,
though not necessarily. A more fim descretetiwce within would most likely be the expanding
cesium clouvd. The small rest size 13 a resvlt of our inability to integrate these growth curves
outside receiver bandwidth. The spectrums at 5B and Rucker are quite similar in appesarsnce. No
photographs.
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Margte
arie
Lola

Cathy

Atene | x
Olive

Retoy,
Jeannie x

R IR M In

]

Dolly x
GJerta x

IR O O D L L O

MOIN IN IR X [N IN

Table 1. Category of observed phenomena on spectrogrems

As Table I shows the spectrograph structure becomes much more complex as the shots increase in
altitude. A possible reason lies in higher rates of expansion at higher altitudes giving rise
to less dense clouds. ’

The growth curves (Fig. la,b,c) show the altitude effect on rest size, These curves are
derived by graphically integrating the maximm Doppler shifts of the specirograms. Growths
were labelled in terms of down and up growth. (This ia a misnomer for Rucker date - where
growth curves are along the 30 degree elevation angle.) If the releases were truly spherical
in shape then growths in both directions would be equal. But the spectrograms indicate that,
at least for the electron-ion cloud, exactly spherical growth does not occur. The only apparent
pattern set up by the growth curves is altitude devendence, shown in Fig. 5.

From sec, II, part B it is expected that the spectral distribution of Doppler shift energy,
between the two extremes of shift frequency would be, for a particular tune and assumiing spher-
ical shape, a squere-well function. Amplitude response sections of the spectrogram for Garts
are given in Fig. 6, showing relative amplitude versus frequency. Thase indicate s predominant
direction for gas transport at release, i.e., it is not a spherically uniform growth. A fuil
analysis of this example is not yet completed; however, it appears from the Sen.Klas recoxd that
little growth occurred in the horizontal direction (zero Doppler shift dats). Asplitule sections
of any spectrogram that appear to have information in them are being made but were not finished
in time for publication of this report.
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Fig. 5 Altitude Dependence For Downward Growth

V. BUMARY

It is conjectured that

1. Shock wvave ionization is detected in releases at altitudes of m-y (108 xm) and above,
day or night.

2. Btepped growth is caused by multiple refiections of shock waves, and is observed only
vhen shock waves are detected.

3. For most releases, especially sbove 106 im (Olive) the cloud ic transparent or semi-
transparent as evidenced by Doppler shifts in both directions.

4, Clowd growths are generally unsymmetrical with no preferred direction of growth.
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EXPERIMENTAL AND THEORETICAL RESULTS ON ELECTRON CLOUD
GROWTH 0 - 10 SECONDS AFTER RELEASE

John F, Paulson
Headquazrters, Air Force Cambridge Research Laboi atories,

. Air Force Research Division (ARDC), Geophysics Research
Djrectorate, L.G., Hanscom Field, Bedford, Massachusetts

.

ABSTRACT

Two imagée orthicon television systems located at Site A-10 on Santa Rosa Island,
80 to 150 km froin the release point, were used to obtain photographs of the chemical releases,
Measurements taken from these photographs have given data on some of the early time low
intensity visible phenomena accompanying point electron cloud releases, Cloud diameters so
obtained have been compared with those obtained by other techniques, including conventional
photography and Doppler shift, and with the results of the 1959 Firefly series. The resilts

have also been compared with some theoretical predictions on the detonation of a spherical
charge of TNT,

1. INTRODUCTION

The observations discussed in this report were made with two image orthicon
television systems, located at Site A-10 on Santa Rosa Island and operated by personnel of
Wright Air Development Division. The systems used either a Generai Electric 25294 image.
orthicon tube, sensitive in the 3500 to 6000xapectnl region, or a 25395 tube, sensitive in
the 6000 to 10, 000?\ region, The viewing lens was a 150 mm { 0.75. The video signals were
displayed on television monitors and photographed on 16 mm f{ilm at 24 irames per second
and on 35 mm film at 20 frames per second, Appropriate spectral filters could be manually
inserted in the optics system. A progressive neutral density scale and associated optics were
used to produce images of progressive brightness levels on the monitors and the photo.npl;lc

record, Time was recorded on the [ilm either as a clock image or by a timing signal,
2. RESULTS

Table [ is a summary of the measured cloud diameters as a function of time, In
several instances, diffuse radially growing waves appeared, in addition to the ceatral
chemical cloud; an example of this phenomenon is shown in Figure 1. Such waves grew
rapidly e, g. 1 - 2 km/sec, radially, and usually disappeared within 10 secs. after the
release, Their appearance suggests that they are analogous to those observed during thv
1959 Firefly relesses and designated "shock waves'' in the Report on Project Firefly 1959,

However, their growth rates are appreciably smaller and in fact agxee more closely with the




EN L2X971 LIX¥T S1X81 91%¥61 £1¥¢1 E1XeT 2T%3T 2TX21T 2 1x2°1 $IA y 774
S 9°'6X€°7 S'VxXE7 Lexyg vamn 0°2X1°2 g'1xg°[ - -- -- STA Ary
91 X 9 - g§X¥ - -- -- ~-
== -= == -- -- -- P'EXH'E 82X87 0 I1XE°T STA LEEie)
TTXECE 2 2XG'E ZIXe't B IXE
.2 vi x 12 I X 12 6XSI SWX2°L 9'€X8°S 6°2X2°F €°7X0°C 9°TxXe°] ol Ao
T°2Xg'2 0°2%X9°7 02X9'2 02x92 8 IX¥°2
Sy Sy Sy §SXG 14 -- -- -- - 4 uesng
TTIXT1°2 €1%X0'2 S TIX1'Z €1%X6'1T E€£I1XS°T
‘ €'2X1°'2 S Ix[°2 S'TX9°'T ¥'IxX9°]
21 x 21 21 x 21 21 x 21 2T X221 €°9XT°L 0°SX¥°G -- L'2x8'7 ¥'IxXL°7 ¥l ejumwar
2°2%x2°7 0°2x0°2 B'IX8‘T 8'1xg'[ ‘ ‘
¥2xX€'2 8°6X8°6 6'8X6°8 E€'8XE'8S BHXE'y 0¥ X0V S6°2%X56°7 0°'2%X72°7 9€°IX9¢°] ‘ o1 JATIO
1°9X8°2 1°9xX8°2 6°Gxg°7 -- == == == == == 1A
GIXT'T Z1X1°1T LT1X1°1
9°SXG°E 0°9X9°C 0°9x9°C -- -- -- -- -- -~ o1 A3%s3
‘ pauteiqo saan3did on a1 SE{3Z
TOTTEXTIT OTI'IXIT O'IX0'T O01X0°'T O01X0'T 01X0°1 0°'TX6°0 €0'IX0°T 6°0X6°0
‘ o ) ) 2EXG'E ¥TXEZ LTxX9°] ‘ a1 wjo]
AT == O0IX0T O0TX0'T €0 IX£0'T €0 IX¢0°T 0 TX0°T 0°T¥0°T == Eri TN
0X8°0 L0X6°0
x X
xX

‘S - ¥3LIANVIA wWOITIZO

- aBwuny ]

ootr (7 TT TT TT o 50 o To —SpuSSIT-FaTY
1 I19vVL

P T ~ -

. 3 e s
R i R LV U 1. E2

108¢




g

0.05

0.35

Fig. 1.

0.10

0.50

Firefly Jeannie. Infrared Tube. Tim
Width of frame corresponds to 23 km.

0.20

0.75

10

e in seconds.

- e e e e




PIUPE——

i 1 i

T ¥ T

s

growth rates of what were called the "particle waves" in the 1959 series, Of several »

expianatictis put forth to rationaline these observations, the most attractive is*as follows,

The TV equipment used in the 1959 series of relesses was located at Biioxi, Min‘llﬁi“i‘ﬁpi,‘
i.e,, to the west of thcv burst, and therefore on whiat may be called a forward scattér path
for dawn releases, During the 1960 series, the TV equipment was located at Site A-10, i, e,
roughly north of the burst, and therefore on a side scatter path for either dawn or dusk
releases, Examination of approximately simultaneous photographs taken using conventional
techniques has shown that the radislly growing waves are more persistent and produce dinser
images when photographed from sites on the forward scatter flth compared with side
scatter paths,

The observation of an anisotropic light intensity distribution suggests light
lcl'tterlng by small particles, A possible explanation of the greater wave velocities
observed during the 1959 series of releases compared with the 1960 series is, then, that
detection of particles at greater radial distances for a given time after release, i.e,,
corresponding to higher radial velocities (but lower particle number densities), would be
favored at forward scatter sites, Another point of interest to this discussion is that the
observations of radial waves in the 1959 series were made with the use of the relatively
more sensitive 25294 image orthicon tube, whereas the less sensitive 25395 tube was used.
in observing most of the 1960 releases.

Particle waves were detected in two night releases, Amy and Betsy, with the aid
of the TV cameras, Although scaitered sunlight may have been responsible for their
observation in Betsy, where the burst was about 15 km below the solar horizon, the only
explanations for their observation in Amy are that they were lighted by the radiation frem
the burst or that the particles were hot enough to be self luminous for a fraction of a second,
It is interesting that the observed wave lifetime and growth rate were considerably less than
those observed in sunlit releases in the same aititude region. (See Figure 2)

Examination of several photographs taken with either TV or conventiotial methods
has shown that the particle wave does not always dissipate at later times, {.e. , beyond 20
secs., but, after losing most of its radial velocity, becomes the white "smokepuft" which
appeared very clearly to the eye amnd on the K-24 photos as an entity distinct from the
sodium-cesium gas cloud. This phenomenon was pacticularly avident in the low altitude

relenses, e.g., Margie, Marie, and Lola, but was also visible In Peggy.
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i Detonation of a high explosive package such as comstitutes a point eélectrom clowd
(PEC) release produces roughly 400 moles of gases ziad 100 moles of solids, The ra?ldly
. expanding ball of gas will ac¢elerate the solids by aerodynamic drag, Because of low

ambient pressures and the large mass of the individual particles compared with that of the

‘ ambijent air molecules, the solid particles will decelerate only slowly, as has been observed,
Conventional cxplanntlouol of acceleration of solid particles in linear shock tubes state that
the gas through which the shock has passed and which {s moving at high velocity causes the
initial acceleration of the solids. Subsequently the solids are overtaken by the contact
surface and the expanding driver gas, which is moving at roughly the same velocity as the
perturbed gas between the shock wave and the contact surface, and experience additional
acceleration. In the experimental situation of interest in Project Firefly, the solids
produced in the detonation reaction lie, at the instant of canister rupture, within the volume
whose envelope is the shock wave, At times as short as those corresponding to rupture,
the shock wave and contact surface are indistinguishable; at later times the radius of the
shock always exceeds that of the contact surface, At the time of canister rupture, then, all
solids, except those constituting the canister itself, lie inside the contact surface, and
subsequent acceleration »f the solids can be due only to motion of the gases produced in the
detonation, The solids will of course retain their velocities to larger radial distances than
will the gases,

Data obtained by Stanford University personnel using a Doppler shift technique have

given size vs time measurements for times less than 2 secs, after release, Figure 3 shows

a plot combining Doppler data, calculated shock wave and contact surface data (see below),
and TV data for Firefly Jeannie, It appears, on the basis of this and similar graphs for
other releases, that the Doppler shift technique gives a measure of cloud size comparable
with that obtained by the TV camera at early times,

Brode” has carried out calculations on the blast wave from a spherical charge of
TNT, without reliance on empirical values derived from explosior measurements. The only
data pertinent to the actual chemical release which are necessary for calculating shock wave

and contact surface radii from Brode's results are the energy of the release detonatiom,

1, See for example AVCO Technical Memorandum RAD-2-TM.57-7
2, H.L. Brode, Physics of Fluids 2 217 (1959)
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Dolly (115)

Jeannie (109)

Olive (106)
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Fig. 2 Observed diameters of particle waves. Altitudes
Altitudes (km) in parentheses
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amblent pressure and scnic velocity at the aititude considered, and time after reléase.
The curves shown ini Figure 4, taken directly from Brode's paper, permit calculating of
shock wave and contact surface radil. The following definiticns apply:

. rr - tC,
. . ("3
0L3= Cd

PO

R= A&

where t = time after the explosion, C_ = soaic velocity in the ambient, () = energy of the

°
explosion, P, = ambient pressure, and R = radius., Figure 5 shows the results calculated
from Brode's curves and those obtained from Doppler shift data, The energy used was that
of the. high explosive component i,e., RDX, The times used were those at which the Doppler
shift data indicated no further increase in size, Except for Firefly Arlene, s high explosive
release, these times were betv%een about 0.5 and 1, 6 secs, In order to bave a clearly
defined value for the time, a particular set of Doppler resuits was chosen; thic set was the
downward growth rates measured by the instrument at Rucker and was chosen simply because
it was the most complete set and appeared to be the most reliable,

. Although the experimental values are not duplicated by those calculated, the
similarity in the curves is clear., However, agreement can hardly be expected, since the
r.f, Doppler carrier signal is réflected, not from the shock wave, which st the radii of
interest cannot thermally ionize the molecules of the ambient, but from regions of high
electron density most probably produced in the detonation reactions, The fact that the
radii obtained by Doppler shift. measurements lie, on the average, within 25 percent of the
calculated shock wave radii is then difficult to explain, Photoionization of the ambient by
black body radiation from the detonation has been suggested. A more attractive hypothesis
is implied by Brode's results, in which the temperature is seen to increase along the radial
distance from the shock to the contact surface., Unfortunately, these temperature caicula-
tions have not been carried out to times and radii great enough for direct application to the
present data. However, extrapolation of the curves to such times and radii suggests that
temperatures in this region may still be several times those in the ambient, A thizd
suggestion is that electrons produced in the detonation may diffuse to the radii of interest,

Preliminary calculations on such phenomena are not favorable to this hypothesis. It is
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important to recall that studies? of the detonation of various PEC package compositions !
have shown that, although peak temperatures from a pure high explosive are greater than '
- from those packages contafning admixed alkall nitrate, the time at which the peak occars ‘
increases with increasing percentage of alkali nitrate, The almost exact agreement bétweéen
the meagured radius and that calculated for the contact surface for Firefly Arlene is

particularly interesting, since only for such a true high explosive release, in which the

energy of the release detomation is known, can Brode's results be expected to apply with

accuracy.

3. CONCLUSIONS . ‘ g

The results of this paper suggest that point electro cloud diameters, at times
less than 2 secs, after release, can be predicted to within a factor of about 2 by the use of . '
theoretical rasults, A mechanism for the acceleration of minute solid particles to high
velocities has been proposed, and it is suggested that these particles are responsible for
the rapidly growing radial waves observed in several PEC releases. Analysis of the
‘ deceleration rates of these particles may provide data on particle size, although preliminary
calculations have shown that the decreasing particle number density must be taken into
account, The question of visible shock waves in PEC and high explosive releuses has been
thoroughly discussed by Edwards? in reporting on lt\ldle'l made by Young and McDowell at
Georgia Tech. Although one or more shock waves are certainly produced, these studies
have shown that they would not be observable with the equipment used, The observation of
different radial growth rates, lifetimes, and densities from different sites, then, has led to
the conclusion fhnt the waves are composed of minute solid particles. The mechanism of
production of such particles remains uncertain, although the production of aluminum oxide
in the detonation is a possible explanation,
Because of the relatively small dynamic range of the TV equipment, total light
; output from a cloud is probably best éalculntgd from films made with conventional photo-
graphic techniques rather than with the TV equipment, The small dynamic range of the TV
equipment leads to another problem: the insertion of spectral filters in the optical path

pi-oduced an effect like that of a neutral density filter, since the equipment operators had

3. W.E, Gordon, Project Firefly 1959, Semi-annual Report, July-December 1959,
Geophysics Research Directorate, AFCRC (February 1960); Part It )

o 4. H.D.Edwards, Project:Firefly, Semi-annual Report, Junuary-June 1960, Ge
' Research Directorate, AFCR'L; Part | port, ! y ‘ e ophysics
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' It is suggested that, in the event of future upper atmospher¢ chemical relesie
experiments, there be at least two sites used for the TV equiprnent and that one of these
sites lie obs the forward scatter path, Unless burst can be predicted with great accuracy,

it would be desirable either to use a wide angle lens or to locate the equipment at a distance
lrom the barst greater than that in the 1960 series of releases so that the avents of the first
faw seconds fcllowirig release will be recorded, If sufficient TV units are available, the

use of one ag a grating spectrograph would also be desirable,

106¢ -

‘Ssalficlent time to adjust gath and cotrast controls during the few seconds thai the filters
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If I could start with what might be eaid to be a provocative
question, I would 1ike to ask Dr. Holt if he couid answer this omw.
His photographs of the various cloud bursts show soms with a large
digmeter on the first frame which then appear to shrink with time.
I would like to ask him whether he bo].;ovu that the actual clouwd
does this or whether the initial sisze may be due to halation of
the f£ilm,

We tried, of course, to determine wvhether the initial frame was
halated or not. All of the film was provided with anti-halation
backing, and it is a little doudbtful (since the densities we ob-
tained were not trerendcusly great) that there was halation on tho.
£ilm. However, it is conceivable that there might have been suf-
ficient brightness at the very center of the burst to produce

sort of a halo in the atmosphetre, similar to the halo cne sometime
sees around the moon. This could have meant that as soon as tho
initial very, very bright burst was over, there would t» insuf-
ficient intensity to contimue producing this., We made some ve.y
high speed photomultiplier measursments that showed that the
initial very intense flash was in general less than 50 milliseconds
long, so that this would substantiate thia thought.

Yos, I certainly agree with that. I think the initial flash is
vory brief in duration and axtremely intense. Anyons else here
want to have a comment on that? Dr. Edvards.

We agree on the halation problem. I think in one case, I believe
it is Lola, we 4id have a tremendous size at the beginning on the
first frame and I think that may be due to halation., We did mot
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have the halation basking.om our £ilm, but we geemed to get the
same kind of matorial, the ring, the particle waves thas Dr, Belt
showed on his pictures,

One could introduce a wedge or step-down wedge so you get two
images on some of these cdmerss 36 that you get one averexposed,
the one that wouldn't overexpose weuld then be of better sagnitude
for the film. ‘

By the second or third frame isn't it the ocase, Dr. Holt, that you
were at a density whioch could not cause halation, therefore if you
dropped the first frame from your size consideration, you still
have some rather high velocities to handle?

This is precisely right, On Susan, the slides that I showed this
mormning, although they do show an enormous first frame, show &
seoond, third, fourth frame growth which is tremendously fast.
And, not & halation because of the low density?

It ocan't be halation because this film is a long way from being
saturated,

The detonation velooity as given by Dr, FPisher this morning of

7 kilometers per second is in rather good agreement with the
initial Doppler data of Mr., Barnes, Will you comment on that?

The velocities that we got at a tenth of a second were typically
6 1/2, 6, and 9 kilometers/second, I believe the highest was
13 kilometers/second, There were a couple at about 3 1/2
kilometers/second slso.

Agreement with photographic data vas then certeiniy within a factor
of 2 and in several cases closer than that, It would appear that
the initial growth of the material is continuing with the detona-
tion velocity in the solid, which is perhaps not unezpected.

Could I ask Dr. Barnes a question? On most of these resulis the
upward growth seamed to be more rapid than the downward growth,
which is consistent with most of the optical dataj however, on
ome of the shots including Ruthie and Dolly the cloud seems to
grov more reapidly downward than upward., Was this beosuse of the
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snigle that you were looking at it or was there soms Gther Feason?

I doni't know which site you are spesking of in partiouler, but it v

1s possible that on measuring maximum velocity we are looking &t &
portion of the cloud of greater density than the phutog}nphto edge
and we are¢ reading a velocity compument other than thé maxiiuii
upward velooitys however, I would tend to say that because of the
sharpness of the edges, we are probably reading close to the iiti-‘
mum upper growth velocity. ‘
I would like to make a comment on the comparison between shock
waves and particle waves, The question that was asked last year
was whether some of these waves were shock waves or were particle
waves, There is a major difference betwsen the two types of
waves, The shock waves as they expand increass in area ss the
radius of the sphere squared, as a result of which is eriguilfed
more and more air as the wave goes out., While air is tenuous at
these high altitudes many toms of air are engulfed as the shock
wave expands, At 1 kilometer radius st 120 kilometers of altie
tude you have engulfed about 40 kilograms of air, comparable to
the weight of the high explosives. But at 2 kilometers, the .
smount is 320 kilograms, at U4 kilometers it is 2 tons, and ;t

8 kilometers it 1s 16 tons. It is very difficult for a shook to
continue to go out and engulf this increasing amount of air from
such a small explosion., On the other hand, the particles whioh

go out have a constant area., A largs number of little particles
expands to make a large radius when you look at them, but their
area remains the same, I made an estimate that 10 kilograms of
material can produce about 1016 one nmicron size particles, The
area of these particles is about 108 square centimeters, which i»
the same as the surface area of 2 30 meter wphkere. This is jJust
another way of pointing out that the particles can go very large
distances withocut slowing down, while the shock wave is alowed
down very strongly after it is attenusted as it expands to large

sige,
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1 céFtainly would 1ike to agree with Dr. Kivel. We have also beed '
worrying about the problem of whether these waves that seen $0 §5
out very rapidly are solids or a shook wave, and my conclusios is
that they are probebly solids. HMore specifioally, I have been
looking at Brode's theory for the shock waves produced by explo-
vions (such as Dr, Paulson discussed) and this theory has been
oaloulated for one atmosphere pressure and other conditions on the
ground, Brode stster that his theory can be acaled to other ocon-
ditions when the mass of air engulfed is ten times the mass of

the explosive, This condition isn't quite satisfied in our clowds,
Certainly in the first few seconds 1t is not satiefied, and this
means thet to get a suitable theory for the shook wave and the
contaot surfaces, Brode's theory needs to bs recaloulated putting
in the appropriate initial conditions for the high altitude bursts.
We hope to at least start on this prodlem in the next few months.

I would like to find out the source of the radiation from these

)

particle waves.

Most of the relesszes in which the particle waves were observed
were sunlit, although the cbesrvers were in the dark, However, a
6aloulation can be made to determine the blasck body radiation rrﬁ
these partiocles assuming thet they were at some high initial tem~
psrature, It turns out that a 10 micron particle will have
dropped 300° Kelvin in approximately 1 second so certainly any
luminosity seen at even 3/10 of a second is very hard to ascribe
to black body radiation of hot particles., There is one shot in
particular which we haven't completely ovaluated yet, which is
most Aifficult to explain, This is Dolly, where a very intense
infrared smission of this solids wave (the wave that goes out to
very far distances) is observed, yet low intensity is 'taund in the
visiblc, I believe Dr. Bdwards will show us some photos of theae
later. This shot vioclates the picture that the sunlight must be
the major mechanism for producing rediation, because sunlight
won't give intense infrared and low intensity visidle,
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I wonder if this isn't an opportunity to study upper atmcsphere
processes by émhancing the afterglow (the night glow or dq slow)
bty woiliing 1 conditions uhere there ien't any reflscted sunlight
and sesing if you got radiation from the partiocles enhsnsing '
radiation by catalysis. I ai luro you aré femdlier with. the
work by Harteock & Reeves on placing elemints ih the afterglow
whioh enhanced the radistion. .
Vell, this was actuslly tried, of course, Before the cobalt ro-
lease we made a caloulation of the amount of glow we expected.

The oaloulation showed that it would probably be just Délow the
sensitivity at which we could deteot it, It was relessed and not
detected,

Yes, the answer to Dr. Kivel's question is one of the things that
I.tried to point out on one of my slides, We plotted size versus
time for several shots. They were all daswm shots except Amy, and
the sizo versus time curve for Amy was of inAch shorter duration
and showed much smaller slops than the others. I think that this
means thet the aolid particles are lighted either by light from
the burst or else they are hot so that at very short times they do
rediate, Certainly at longer times what we are seeing is scattered
sunlight. We believe this partly because we see different growth
rates and different particle lifetimes from different sites. These
sites give forward scatter paths or side scatter paths for sun- 7
light, which can account for the difference.

Returning to Dr. Kivel's commént about enhancing the air glow,
there kss been another phenomena observed which hasn't been men~
tioned so far today. Following certain high oxpiol,ivo releases,
about 110 to 160 kilometers in altitude, a persistent trail of
whitish olouds have been observed, both by the French in the Sahars
and the British in Australis. It has been suggested that this may
involve an interaction between N0 and atomic oxygen.

Dr. BEaward’s Eysmo pictures were taken from different sites. On
the high explosive release piotures of the burst taken from site

P (vhioh was “oughly at right angles %o the line bebween the sun




EIRER
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_ Piom aite J (vaich was on the straight line path betwssn Hé
sun and the buret) epparent duration wes sbout 15 seccnds,
Wiether or not solids are doing the scattering I dom't know, but
. apparent intensity varies strongly with the angle,
Rosenbei'g:  Preccsupation with these high velocity so0lidé is pertinent in
" certain other areas. In the missile trails wé have observed, we
have similarly distinguished between a gas and a solid, The
solids motions are again at soversl kilometers/second snd extend
{ for extreme dlstances into the ambient, whereas thie gases (lh‘i{-
f larly to the gases in the chemical release experiments) level out

" and the burst) images were obtained for about 2 or 3 Weoddy i T '

y

at approximately ambient pressure, depending apon the temperaturse
of cooling. Dr. Holt, do any of your photographs indicate that
we have to explain velocities of light-emitting species greater
tihan 8 to 10 kilometers/second, which 1s our initiating velooity?

‘Holt! The great majority of velocities you do nsed to explain 1ie in this
8 to 10 kilometer/second range. There are & fow cases where the
size of the initial flash (which may be due to halation on the
£ilm, slthough we don't think so, or halation in the atmosphere, or
something elsé) would mean that we had to assume larger velooities.
For example, if you simply take the picturés to mean what they ahow
rether than trying to find out what could be wrong, you éot a
velooity in excess of 100 kilometers/second, on at least two of
the shots.

Molmud ¢ I was asked by Ed Manring to explain an observed velocity of S
times 105 ocentimeters per sscond. I said perhaps hydrogen ocould
ocome out at this velocity, because this would correspond roughly
to the thermal velocity of hydrogen at 5000° Kelvin, Has any
thought been given to this possibility?

Champions That is a question for chemists, who wants to voiunteer?

It might be hydrogen if it is produced in the explosion.

Nolswd ¢ I bave another point to this. In the solid propellent now used on °

Polaris and Ninute Man, which contains alwminum, one function of the
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alwiimm is to inorease the available energy, snother is to re-
duce ého molecular uﬁ.\@:t of ocombustion produsts by reducing the
verious cupéu‘:ds present to produce a large smount of hydrogen,
This tends to increise the specific impuise. You use an alumine-
ised explosive, don't you? In all probablility you get a large
amount of hydrogen released during the explosion. What happens to
this hydrogen?

None of the gaseous components seem to seéparate signifioantly from
each other during the initial oxpmidn. In other words, you have
high pressures gas of mixed components: rodium, cesium, and others.
In most cases we have vory little separation of the sodium with
weight 20 from the cesium with weight 130, Therefore, it would be
dirficult to picture how the hydrogen, despite its higher apeed,
could ummix rrap these others. Furthermore, the distances to
which we would have to carry it to explain these initial velocities
are far greater than those at which the gas cloud should come to
ambient pressure. In other words, it isn't a probdlem of explain-
ing expansion of 1 kilometer in a tenth of a second, but 10 kilo-
meters in one second, The final gaseous products shouvld never
achieve more than a kilometer or so diameter in this initial
expansion, so you would have to find a mechanism for separating
the hydrogen from the other gassous products.

I wanted to ask Dr, Holt whether on Frances and on Hedy the
orientation of these crescents are knownt

Yes, we do know it, I don't recall offhand exactly what the
orientation is tut we can easlly look it up for you.

Is it correlated with anything specifically that ycu know of?

I think the orientation of those was correlated in the direction
the rocket was pointing at the time that the canister was blam
apart, I think we should discuss the solar scatter experiments
further.

The first releass appeared to show growth elong ths vehicle tra-
Jeotory and this made everybody happy since it appeared very
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similer to missile t¥all phencssns. The second shoWed growih ab
Fgit mngles to the rocket trajectory. . Both rileases were at the
sawe tims Of day so I don't think we ocan explain this by the
direction of the sun, but it is quite probable Shat ths velitsle i
tumbling as it is moving along its trajectory, snd the method of
oponing the canister at otte énd may bs such as to ocrédté a
eresoent, The direction the crescent takes may be siuply due to

" the random moticn of the vehicle. We have several cases ir which

the electron cloud also appeared to have different orientations,
In other words, the spin imparted to the vshicle was insufficient
to kbeep it from tumbling during this vacuum phase of the trajectory.
We think we understand how these solide are relessed-«it is &
1ittle bit like squeesing a tube of toothpaste or a water sprayer,
Dr, Barnes made a statement that the ionisation shown in his very
nice measurements of velooity by Doppler methods was .du' to a
shock wave, and in the discussion here we have heard a great deal
about particles, but nothing about shock produced ioniszation.

I would 1like to get an explanation of the movement of the ionisza-
tion peak out from th. center and the mechanism for the ionisation.
I will leave it open for the psnel,

I belisve that the shock wave is not producing any ioniszation, at
1oast after very early times. There is just not enough energy in
it. However, it may possibly be able to assist in transportation
of some of the ioniszation which was produced at early times by
thermal or chemi-ionization. I don't know if anyone wants to
volunteer a different opinion.

Dr. Paulson made the statement that in zome region in the
spherical shook phenomena, following the theory of Brode, there is
a region having fairly high tempersture some distance behind the
shock. If this condition is maintained in a ocomplotely spmiui
phenomena with the contact centsr way behind the shook, thon the
ideas that the electrons will be migrating with the shoock (where
the Semperature is fairly low) and that there will be a large




~ oontaet surface (where the tempereture is fairly highn) confliot..
However, if you have & Swrbulent phenoména produced by the ék-

. Plosicn, vhere the electrons oan migrate behind the shock in this
high temperdture region by a turbulent mschinism, you can eiplain
to some extent why the electrons are fairly close to the sheck
surface as Dr. Paulson has showm. |

'mm : I was wondering if there was any chance that any of the ionisation
observed in bursts like these can be photodetiochment of electrons
from negative ions in the ambient.

Champion: My feeling is that in the E region there are very few negative ions
at this time of day but it is worth looking into,

Kivel: Could the size obtained from Doppler measurements be off by a

‘ factor of three? Then the correlation of incresse in sise with

3 inoreasing altitude would fit---in other words electrons would
stay behind the contact surface, as Dr, Paulson pc¢ .%ed out. The
shock wave you mentioned is much too weak to meke ionization, but
the contact surface grows in the same way that the shock grows,
and gets bigger with higher altitude.

Champion: I think it is more likely that there may be an error in the sise
assumed for the contact surface. In other words, if we recalou~
lated Brode's theory for these conditions the contact surface
might be quite a Wt bigger.

Zimmerman: I think Dr. Paulson mentioned that Taylor presented the argrwent

of a contact surface lylng behind the shoock and some distance de-

-

hind it, but he made the statement that the idea of a spherical
contact surface sitting behind the shock is purely conjecture.
I might mention that the Ottawa people, who had exploded highly
pressurized spheres in a container, have observed s marked degree
of turbulence and no distinct spherical contact surface lying be~ '
hind the shock.
Champion¢ This is true. There are laboratory photographs showing this,
Gallagher: We did desect a shock phenomena in one of the evening twilight
(8tanford U) releases, since we did detect iomization from a pure high
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explosive roleass; therefors, there must be st least enough eneigy
perhapé for detackmdnt at this time of day to acdount for that
ionisation that was observed. Another thing that we think we see
on our Fecords are ths steps in growlli. In midt cases these appear
to be correlated with cases where we see sort of a sharp tongue

at the begiming of the growth period which presumabdly is, at
least initially, a shook effect. Does anyone have any opinion as
to whetlier these steps may not be due to shock vaves which re-
Yound at the boundarios of the growing cloud? Is there any evi-
dence such as that presented a year or two ago on strip film
showing initial growth followed by shrinkage of the cloud and then
growth sgain?

We have some strip film that frankly hasn't been analysed Yot. We
have gone through about 7 of our 8 miles of movie film, but the
other mile still ocontains the strip film,

The initial question I asked is still not really answered, 1Is the
total ionization after the initial burst increasing or staying
oconstant? Is there a mechanism for continued ionization from the
shock or from some other causs?

As far as contimous oreation of electrons is concernsd the cesium,
or whatever is being ionised, will continue to produce eslectrons
while the mechsnisms which produce eleotrons (such as detachment)
continue to operate. There are other mechanisms which haven't
been discussed here, such as chemical reaction between cesium and
whatever material is in the ambisnt atmosphere. Cesium can burm
in oxygon and produce ionisation. I would like to make a comment
on the photo detachment of negative lons., Suppose initially you
had & lot of photo detaclment over a large region, and then you
had recombination leading to production of a photon you would get
an spparent large blob which will then shrink down very quickly,

I would like to ask Dr. Holt about some of the pictures in the
very early stages. It appeared that the regions were not truly
spherical, One pol,ib].o explanation I suppose iz that they are




i

‘Molwud ¢

Taylor uudteble. Are ti:oi‘o other explanations for this?

That deemé to be as good as any. Although I didn't show slides of
Pegey, it was the most unsymmetrical of the bursts. It 4s inter-
estirig that Peggy has some other uniqie properties too, From she
firet feiw milliseconds or it had & sort of an oblong shape thas
was rather unusual,

I have & comment on the asysmmetry of the creascent-like clouds, The
axis might be lined up with the earth's magnetic field but I dsdan's
¥now vwhether this was true or not. The radius of curvature of a
singly ionized cesium atom is sbout 1 kilometer, so you night get
asymme try becanse of the magnetic field, as long as the collision
frequency between the cesium and whatever particles are there is
less than the cyclotron frequency.
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ABSTRACT C .

A description 1s given of the photographic equipment used in the 1960 Firefly le!'ill‘
and the location of the optics sites. .

By means of triangulation techniques and electronic computers, height, lh..pe and Wf
ment of the clouds have veen calculated.

- Cameras used for special assignments such as color recording, stereo, quick look alti-
tude calculations, etc. are described and the results of the observations given.

A simple photometer was used to recoxd burst time. The results of these cbservations

are also given.
PURPOGE QOF QPTICAL C/WVERAGE

The general purpose of optical coverage is to provide permanent records of the Firefly
clouds which can then be analyzed in the laboratory. Due to the high reaolution of the photo-
graphic images it is possible to record ‘the altitude, shape, size, and movement of the clouds.
By means of narrow band filters in front of the cameras, it is possible to‘_ isolate the various
atomic species in the cloud and to independently study the interaction of each species with
the ambient. l

The optical observations are of assistance in the RF scatter analyses of cesium clouds
since they provide height, position, and drift information as well as a picture of the "scat-

tering antenna."
DESCRIPTION OF EQUIF.ENT

The equipment provided for the 1960 series can in general be grouped into three cate-
gories: ’

(1) Time exposure cameras were used ‘to obtain photographs with exposure times from 1
sec to 22 seconds and for as long a period of time as the cloud was visible.

(2) Movie cameras operating at 4 frames per second were used to record the clowd dur-
ing the first fev seconds of its life or in some cases out to 60 secords.




y

© (3) Other cameras vore used either to recund ancwalous evéats or % djesete ina

special minser and vere aubject to chinge on a day-to-dsy basis.
A.. Caiwre Mounts
B Tvo types of camsre mounts were used in obtaining the photographs.

fhe first, showm in Figure 1, is relatively simple and is capable of rapid assendly and
dissssenbly and cin be transported from site to site in a station vagon. The knock-dowvn type
base makes it possible to set up it remote sites with a minimum cf preparation. The mount can
be adjusted rapidly in azimith and elevation and to an accuracy of 0.5 degrees and with care
to 0.1 degree. The structure is capable of hmdling from 50-T5 pounds of camers equipment.
The arrangement in Figure 1 shows two K-2i time exposure cameras, one Eyemo movie camers, and
an infrared snooperscope mounted on the equipment rack.

The second type used to mount cameres is shown in Figure 2 and was made from a 60-inch

searchlight stand. The mount is capable of handling up to 1500 pounds of equipment with an
accuracy of 0.1 degree or better in pointing. Due to the close tolerances and sugged con-
struction of the searchlight unit, the reproducibility of azimuth and elevation settings from
day to day is excellent.

As noted in riglxre 2 the searchlight yoke assembly has baen enclosed with an insulated
metal cover and the unit air-conditioned to control temperature and humidity. This protection
i is necessary to insure equipment operation in the adverse weather conditions found on the

beach. Another lmportant feature which the enclosure provides is the ability to prepara for
" & firing on short notice. Equipment céuld be installed several days prior to a firing and
then made ready within 30 minutes or less of the firing. Should rain shcwers occur shortly
before firing, the equipment could be secured and then placed in operation in a few minutes.
: Tre protective covers proved invaluable during the past summer's operation when a large
: number of rockets was fired on & cle:z. ~2hadule., ‘
; The séarcblight unis, while .ot yortable in a station wagon, can be transported on a,
trailer or moving van to the vicinity of the observing site and then towed by hand, suto, or
Jeep to the final location.
B. Time Exposure Camerss

The atandard X-24 aerial camera vhich has been modified for our needs is used to take
time exposure photogrephs of the clouds. .

This camers, vhich takes a 5" x 5" picture, is the largest type for which high speed.
lenses and a rapid cycling time are available.
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The K-2k 13 normally equipped vith a 7* £/2.5 lens but other \mit-otlona:rtoeu
huthmmmthummim Due to the large diameter of the lens, star isages
vhich are uged 4n ' positicn determinations are relatively easy to obtain. The casers utilisds
cfoeulyhuMtervhichuopentedbyunﬂ.leorakvolun.c.Misupmorom
tinlu;hortul/woucm:m-emtporaprucmd. mterammihhmﬁdled

infrcntofthe‘lemnformctnllmdielotﬂwcm A data chaisber is mt‘ueddnﬂw
X-24 so that Momtion relative to the firing can bé permanently recorded on each - f1ln Trame.
The dats chamber contains information on time, firefly shot, station mmber, filter type, date, '
camera nmumber, and film type. These data are invaluable in analyzing the thousands -of' photo-
grephs vhich are taken.

The X-24 system 1s especially suited for field work due to ease of m;ntemxi_ee’ and
availability of spare parts. For example, the complete workiﬁg mechanism can be-réW and
o nev unit imstalled by releasing one thumb screw.

The focal plane glass of the camera is precision ruled with a 1/2” grid vhich serves
as the fiducial system for locating the center of the frame as well as subsequent cloud posi-
tions. Thres small lights located behind the lens are pulsed by the timer and glve sufficient
light to record these grid lines on the film. The presence Jof the precision grid on the film
permits correction for distortion due to ril;lvshrinhg‘e and other effects. The small lights
also effectively pre-sensitize the film with the remilt that the £ilm speed is approximtely
doubled.
C. Movie Cameras

The Eyemo 35 mm movie canera was the other workhorse ussd on the Pirefly cperation and
at least one was located at each optics site. The camera is described in another article in
this report ertitled "Growth from Photography (0-10 seconds)” by H. D. Edwvards.
D. BSpecial Cameras

(1) A Beattie-Coleimn 35 ma camera vas operated with 80270 color film at site P-2.
The camera lens had a focal length of 50 mm and a speed of £/2.8. An exposure time of approx-
imately 3 seconds vas used.

(2) A Bolex 16 mm movie camers with color £ilm amd a lens focal lsagth of 50 =m and
speed of £/0.9 vas in operation at site F-1.

(3) A bank of 5 each 16 mm pulse cameras vas mounted at eite F-1 and operated at 1
pulse/sec. Camers lenses varied from s focal length of 50 mm at speed of £/1.5 to 17 mm at
£/2.5. The majority bad a 17 mm focal length at o speed.of £/2.5. ¥Yor the solar scatter shots,




' , the five cameras were equipped with polaroid filters at successive 22-1/2° angles between the
vertical and horizontal. Yor other shots the cameras had Wratten filters such as 58, A7, 35,
4 25, etc. mounted in front of the lens and were used to isolate selected regions of the visible
spectrum.
(4) Polarcid land cameras and speed graphic type cameras with polaroid adapter backs

were used at sites F-1, J and H to obtain a quick photograph of the cloud burst. Success at
two.or more of these sites emabled us to calculate burst height within 30 minutes to 1 hour
after the rocket flight.

(5) A K-2l camera with 7" £/2.5 optics was operated at the Blue Horizon Motel to give

possible stereo compariscns with other K-24 pictures from site F. Although the camexa vas
operaj;ed mamially, commnications were good between the Elue Horizon and site F and photo-
graphs vere taken similtaneocusly from the two sites.

(6) An Eyemo 35 mh movie camera with a 600 groove/mm transmission grating mounted in
front of the 50 mm f/l.l camera lens was in operation at site F-2. The camera operated at
4 fps and used Royal-X Pan Recording film.

(7) A simple photometer using a CBS. 1002 photomultiplier was used to observe the exact
time of burst on several of the firings. The instrumentation consisted of the photomultiplier

. with a simple condensing lens and coffee cup mount to limit the acceptance angle to 26°. Out-
put of the photomultiplier was recorded on a visicorder through a logaritimic amplifier. Pre-
cise time was recorded from a Vitro time pulse which was fed to the visicoxder:

E. Filters

The K-24 cameras and some of the special cameras wei'e equipped with a variety of filters
to isolate selected spectral regions.

For the solar scatter shots, the two K-24 cameras at each site were equipped with
polaroid filters mounted at right sagles to each other,

For the I Jfly shols which contained sodium end cesium, both Wratten gelatin filters
and interference filters were used to isolate the resonant wavelengths. Each observing site
had at least two K-2l cameras and would instrument one to photograph the sodium radistion at
5893 Rngstroms and the other to photograph the cesium radiation at 8521 Rngstroms.

INCATION OF OPTICS OBSERVING SITES

All rockets during 1960 vere fired from the Eglin Gulf Test Range cn Sante Rosa Island,
Florida. Opticas sites G, H, and J were chosen to have approximately a 4S* vieving angle for a
cloud height of 120 km.
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Camerss which vere used primarily to gather spectral information and to record sicealows -

events were operated from site ¥, Hence, tbis siﬁ wvas chosen for convenience to ths heed- ‘ ,
quarters ares vhere last minute changes and special arrangements could be made. T
Camera. installations were established at the following locations:

:é:tion Common Nams Latitude Longitude
r-1 A-10 . 30° 23* 58.66" 86* k1v 50.81" .
»-2 A-10 30° 23* 58.66" 86° 41' 50.81"

] Mexico Beach 29° 57' 03.938" 85° 25' h2.1TT"

H Opp, Alabama 31° 16' 26.985" 86° 14 50,312"

J Mobile, Alabama 30° 13' 37.949" ,88° 01 26.605"

In addition a single K-24 camers was operated at the Blue Horizon Motel for stereo com-
parison with sites P~1 and P-2.

The map of Figure 3 shows the location of the camera sites.
DATA ANALYSIS

A. Photographs

A large number of photographs were taken with the K-2U system and have been abstracted
and compiled into a report by H. D. Bivards.(!) From tnis report, the cesder can see at a
glance the type, duration and quality of photographs which were taken of each firing. This
report has been used frequently in subsequent analyses.
B. Position Calculations

Phologrenhs vere taken against a star background in all cases except where bright sun-
light would render stars invisible. This was especially true in dawn shots where the sky back-
ground would increase during the later stages of the cloud formation and eliminate star images.
In these cases, position data are calculated from azimith and elevation settings of the
apparatus rather than from star right ascension and declination.

Several points vhich were distributed over the length and width of the cloud and could
be simultaneocusly identifjied from two or more stations were chosen and the corresponding cal-
culations made for altitude and ground sub-point latitude and longitude as a function Ar time.

(1) "Photographic Coverage of Firefly 1960 (X-24 Cameras),” Technical Report No. 5, Contrsct

¥o. AF 19(604)-5467, by Howard D. Bdvards, January 15, 1961. (Due to the large number of

ph.x:.tocrt:gh; and resultant high cost only 10 copies were made. This limited supply bas becn
us .
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The numtier of points varied from one or two for some of the clouds to gsventeen in the
case of Jeannie. The length of time for vhich calculations could be male varied from a few
ninutes for many of the clouls 0 20.5 mimutes foi Betsy. In most cases the duretion of
photographic coversge was 1mted either by fading of the clouds or by increase of sky back-
grourd due to the approsch of dawn. : . . .

Table 1 1ists the parameters which were calculated for point 1 on the clouds. Similar
dats are available for other points on the clouds but for brevity are not published here.

Figures 4 through 1% show the latitude-longitude ground plots and altitude as a function
of time for nine of the 1960 Firefly releases. Again for brevity, only a portion of the data |
wvhich has been calculated is shown on the plots. Subsequent analyses are expected to prbduce
similar plots for Frances, Ida, Janet, Hilda, Marie, and Iola. Other clouds vwere not of suf-

ficient intensity and/or duration to produce drift and growth information.

mmtion of the night shots (Cathy, Amy, Ruth, and Gerta) was about 1 minute or less
and did not give sufficient data for drift anslyses. Betsy was fired under nigl':t conditions
and behaved similarly to the other n}ght shots until about B + 5 minutes when the cloud became
sunlit and reacted as a dawn cloud.

The altitude plots for the dawn shots studied so far .(Betsy, Margile, Peggy, Olive,
Jeannie, Susan, Dolly) show that many of the clouds disperse in both an upward and downward
direction from the burst point. Accuracy of the calculated height positiongf is better than
0.5 km and hence the aititude deviations are a real effect and not due to experimental error.
In similar manner the oscillations shown for meny of the shots are real and not observational
error.

For the dawn shots studied to date, the burst was at an altitude where high wind shears
exist vith the result that the clouds were torn into long lumpy filaments. These ﬁ.J.ajnentn'
would extend over an altliude rsmge of up to 15 lan within 10 minutes sfter burst.

Peggy, while having unusual radio frequency reflections, does not appear to e unlike
several other shots with regards to dispersal by the wind, range of altitude, size of cloud,

POpwE

etc. The altitude range of 96 to 108 Xm for Peggy wvas somevhat different than for the other
. shots. Jeannie, Betsy, Susan, and Dolly were above this altitude range while Margie and lola
vere at a lover altitude. Marie has not ye.t been studied.
\ Peggy was oriented East-West as shown by the ground plot vhereas Jeannie, Susan, Betsy
and Dolly had more of a North-South orientation. Ferhaps the orientation of the Peggy antenna
contributed to the long durstion of the reflected signal.
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Fig. 4 BETSY

SITE H B+ 430 SEC SITE J B+ 390 SEC

L[]

120

16 4

-
-~
~

120

ALTITUDE (XW)

16

12

108

BURST 120 40 360 4%0 600 720 840
TIME AFTER BURST (SECONDS)

2010




2.4

.3

0.2

LATITUDE (DEGREES)
3 8
L -] o

3
®

2.6

29.5

2.3

86.9

Pig. 5. BETSY

- 390 SEC

BURST. o esn
wes

I
60 SEC @) w

) ke

@) ion.e

[GYLE 3
fo i
[OYT X1

Wy

(¢ X 1]
@) oy
@ues

Miive o 930 SEC

) tiey

Mwms
1050 SEC

0

® o , 1230 SEC

* oy

86.8 86.7 8.6 86.5 86.4 86.3 86.2

LONGITUDE (DEGREES

%0




Fig. 7. PEGOY
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Fig. 8. OLIVE
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Fig. 11. SUSAN
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Fig. 12. DOLLY
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Altitude and ground plots for Hedy and Lily are given in Figures 13 and 1k, ILily was
observed for 1 minute and then faded very rapidly. BHedy lasted for 1.1/2 minates and then

also faded rapidly from view. The three points identified in Hedy rose Zrom 108 Xm to 130

in one minute and then dropped to a low of 124 km before it faded 30 seconds later. Lily, on

the other hand, had its identifiable points fall from an altitude of 150 km to 139 km 4in less
than 60 seconds. Five identifiable points vere studied for Frances and a drop from 148 Xm to
132 km in 30 seconds was observed. These two extremes--rapid rise for Hedy and rapid fall

for Iily and Frances--are due to vehicls velocity at release.

The two flights which used a carbon arc to create ionized and visible trails were Anne

and Norma. Photographic observations were made on Norma only and the position data are given

in Table 2.

Time
After Burst

(sec!

0

8
12
21
27
38
ko

»
Table 2: Xorme

Average
Iatitude

(degrees)
30.273
30.270
30.267
30.258
30.254
30.24%
30.232

Average
Longitude
( degrees )

86.520
86.511
86.505
86.493
86.487
86.473
86.458

Aversge
Ai:itude
96.9
97.1
97.2
96.5
95.5
92.8

89.7

*'I'he computations shown in this table result from a different computer
program than the one used for the calculations given in Table 1. Hence

residuals are not available.
than 0.5 km in altitude.

It was previously understood that the carbon arc flights would trace out a path which

included the peak of rocket trajectory.

42 sec for the arc 1s approximately correct from what is known of the expected burn time.

In earlier preliminary studies it was concluded that the bright center of the clouds
dropped very slightly during the first few seconds after turst and then rose sgmin. Vary
careful measurements have nov been made at few second intervals fu» seversl of the shots and

It is believed the data are good to better

This trajectory was spparently achieved with a peak
at 97 km and then the cloud moved down to about 90 im on the down leg.

The burning time of

2019




Fig. 13 LILY
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the date presented in Figure 15. In all of the cases studied the cloud "bright center” rose
after burst. The rate of rise is proportional to altitude as indicated from the plot. The
increase in rise rate with cloud release altitude may be partially explained by the decrease
in ambient pressure with altitude. Rocket velocity at time of release is not immediately
available and the contribution to ¢loud upward motion due to rocket motion is not calculable.
C. 8pecial Cameras

(1) A Beattie-Coleman 35 mm camera was operated with 80270 color film at site F-2. A
sequence of photographs at 5 second intervals was taken for the following shots:

Frances Jeannie
Ida Margie
Lily Lola
Hedy Peggy
Dolly Susan

S8lides have been made of many of the shots and are of general interest in studying the
color of the clouds.

(2) A Bolex 16 mm movie camera with color film was in operation at F-1 and obtained
movies of Hedy.

(3) The bank of 5 each 16 mm pulse cameras obtained data on most of the shots using
either polaroid or Wratten filters. Much of the data was duplicated on K-24 film and hence
no attempt will be made at analysis. In addition, inadequate marking of the f£ilm has made the
analysis difficult.

(4) The polaroid land cameras and speed graphic type cameras with polaroid adapter
backs were used successfully to give quick results on burst altitude. These data were of value
in planning the subsequent firings. The data are not presented here since the usefulness was
limited to field planning and the date have now been superseded by more accurate calculations.

(5) The K-24 camera vhich vas operated at the Blue Horizon Motel to give stereo pictures
with the cameras at site A-10 obtained good photographs of most of the clouds.

A hurried but sufficiently thorough analysis of the film indicates that the clouds did
not have enough structure to make practical the use of the steres technique.

(6) The Eyemo 35 mm movie camera with & 600 groove/ms transmission grating mounted in
front obtained spectrograms on Jeannie, Margie, Lola, Peggy, Susan and Olive. The analyses
of this vork have been prepared as a reparate paper and will be presented in the section on
spectrophotometry.
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(7) Tw simple photometer described in the instrumentation section vas used to record
the zxact time of burst on several of the clouds. The date obtained are presented in Table 3.

Table 3: Release Times from Georgia Tech
"Eye in Sky" Photometric Observations

Firefly Burst Time CST
Dolly 0h4:21345.84
Amy 02:32:45.28
Cathy 02:32: 44,95
Ruthy 02:32:29.37
Hilds ols25:31.46(1)
Betsy ols16:40.72(2)
Marie ol:38:25.39'1)
Jeannie Ol:36:40.90(2)
Margie 0k:37:00.60
Peggy 0ksk1:50.75
Susan Ol:h3sk9.3!
Olive Ob:h1:50.1k
Vew( 3) 0k4:18:40.62
vicky 3 19:06:19.53

(1) Photometer did not record burst and the time
recorded was obtained from a push button operated by
an observer. Generally the time recorded was after
b\;rat due to observer reaction time of approximately
1/3 sec.

(2) It is noted that these measurements read 0.l sec
high compared to the results reported by Device
Development Corporation in Octcber 1960.

(3) Rocket failed.

CONCLUSIONS

A large amount of data was taken on the 1960 chemical rsleases. Much of these data
has nov been reduced and is included in this report.

Although additional studies will be made during the next few nopths sufficient data
have been reduced to plan the 1961 series with confidence.
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MOLECULAR AND TURBULENT DIFFUSION IN THE
UPPER ATMOSPHERE

8.P, Zimmerman and K, S, W, Champion

Headquarters, Air Force Cambridge Research Laboratories,
Air Force Research Division (ARDC), Geophysics Research
Directorate, L.G., Hanscom Field, Bedford, Massachusetts

ABSTRACT

The diffusion of chemical clouds, which were created in the upper atmosphere by
explosive release from a rocket, has been studied by visual and photographic means, These
clouds for the most part are gaseous cesium with a trace of sodium added. However, gaseous
and solid contaminants created in the explosion are also present. This study is concerned

with that period aiter the initial explosive phase, when eddy or molecular diffusion controls
the growth of the cloud.

1. THEORY

The problem is to determine the nature of the dispersion of a spherical cloud of
material introduced into an ambient atmosphere at some arbitrary time, t = 0. The solutions
obtained are based on three principle assumptions, viz:

{i) The cloud is sphierical, This in essence ignores the effect of the wind shear
elongating the cloud, Since the growth of the cloud is measured transverse to the direction
of the shear, we may make this assumption,

{ii) The production and loss mechanisms for the difiusing particies are negligible,
That is the total number of diffusing particles is constant,

(ii) The thermodynamic properties of the cloud (e, g. temperature and pressure)
are the same as those of the ambient,

A consequence of the second assumption is that the clowd will disperse by purely

diffusive poperties,

(1) 3)

Following the works of Kellogg, Sutton, (2) and Robertl( we arrive at the

following equation to explain the growth of a contaminant placed in same medium

,-:az;z'[uln(i'zz'_)-ln(%)] B 1

2a

1. Kellogg, W.W,, 1956, Journ, of Meteorology, 13, 241 - 250
2, Sutton, 0.G., 1932, Proc, Roy. Soc., Londom, A, 135, 103 - 165
3. Roberts, O, F.T,, 1923, Proc. Roy. Soc., London, A, 104, 604 - 654
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where: ro is the visible radius

T2is by definition the mean square deviation of a particle relative to the cloud center
a is the initia] radius of the cloud controtted by diffusion (i, e, the radius when the

cloud comes to equilibrium with the ambient at the termination of the explosive phase,

0 max is the maximum observable radius,

Applying the above equation hinges upon the derivation of :2' . Kellogg has

4, 5 using the concept of a correlation coefficient to describe

;zby

{
followed the works of Taylor,
the mean deviation (cloud spread) of a particle from the center of the cloud, This defines

o
7-2'& jf Ry df d¥ R £
0

r
where: ;-i is the mean square turbulent velocity of the ambient

R‘ is the LaGrangian correlation function

= ,t=0
0, t = oe
Thus: =3 vt tz, t=»0
r® = -5
2v© ity t=p oo

N k1]

where: 1 = tl-i;n' I K‘ d§

With this derivation Kellogg shows how the cloud growth, which he attributes to
small scale eddies, follows equation (1) with ;Z' = ;3- t2, It is the feeling of the authors,
that the above derivation while having the correct time dependence of rg does not physically
describe the parameters controlling diffusion. As an example, there is no method to
distinguish the gross action of the cloud due to shear turbulence as differentiated from that
due to isotropic turbulence., To correct this, a statistical mechanical argument advanced by
Tchen“) describes the diffusion of a source, where :2' is described by

*
T2 = Constant t2Y B ')

4. Taylor, G.1., 1920, Proc. London Math, Soc,, 2, 196 - 212
5. Taylor, G.1., 1935, Proc, Roy. Soc. London, A, 151, 421 - 478
6. Tchen, C.M,, Advances in Geophysics, 6, 165 - 173 (1959)

It should be emphasized here that Tchen only discusses the case for the small scale eddies,
and does not cover diffusion due to large scale eddies.




where: = % for isotropic turbulence
= 1 for shear turbulence

for molecular diffusion

™

Since the . 2gion of the atmosphere that is being studied is a high shear region, we
will assume that the turbulent growth will be due to a shear turbulence as hypothesized by
Tchen,* and molecular when the atmosphere is not turbulent, Thus we can determine the

appropriate constants by using the e~1ations

ff’, =;Etz[1+ln(rozmax/213)-ln(;ztzllz)] I 14

for the turbulent growth, and

2 _ 2
ro-ZKt [l+ln (romax

/232)-ln(zxt/az)] I 1)

for the molecular growth,

2. EXPERIMENTAL RESULTS
Figure 1 shows the results of the measurements of the cloud Echo (a 1959 experi-
ment) and the fitting of equation 5 to the experimental plot, This gives us the vatues of ;2_
and K experimentally as shown in Figure 2, Also shown are the calculated values of
molecular diffusion for sodium and cesium, based upon a simple kinetic theory, and the

(7

values, due to Booker, of the turbulent diffusion coefficient,
With the values of the molecular diffusion coefficient and the velocities of the small
scale eddies, one may determine the rate of energy density in a region, and then the scale

size for the small eddies. These are given by the : imple relations”)

w= Va B 1
Kmol
Lz=(K?n°l/w)* S ¢ )

Simultaneously with this we may measure the acale sizes for the large eddies from the
photographs directly., These results are shown in Figure 3, and alsc with the values for the

small scale eddies measured by radio reflection from the clouds, That these measurements

fit well the values predicted by Booker is fairly evident from the figure,

* This assumption is validated by the experimental curves which show both the ti dependence
due to molecular diffusion and t“ due to shear turbulence.

7. Booker, H.G., J. Geophys. Res., 61, 1956, 673 - 705
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With more data forthcoming, we hope to show the region in the atmosphere where

one may expect turbulence, what manner of turbulence, and the time scales for observation.

ECHO, SITE C
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o Experimental o
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Time, sec.
Elgure 1

Radius of the cloud as a {unction of time showing the sudden

shift in the expansion rate when turbulence is the major effect
in the control of diffusion.
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altitude. The solid lines are due to Booker,
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Wright:

Edweards:

Wright:

Edwards:

Rosenberg:

PANEL DISCUSSION ON MASS TRANSPORT (10-3000 sec)

Panel Members:

H. D, Edwards Ga. Tech Chaiman
E. R, Manring GCA

Jeo W, Wright ) ]

C. G, Stergis AFCRL

N. W. Rossnberg AFCRL

8. Zimmerman AFCRL

Dr. Edwards, would you care to comment on the behavior of Betsy,
which was observed to move in different directions by the radar and
optics observations.

I re-examined our photographs and we did photograph a portion of

the cloud during the first few minutes which later fades out. I
assume that this part which i1s no longer visible in the infrared
after a few minutes, may be causing confusion. We were observing
the cloud through the 87A Wratten filter and we continued to photo-
graph the portion which moved in a southeasterly direction. The
part that you tracked with radar moved movre or less due east. I,
too, think this phenomenon is very interesting since the cloud
seemed to have two different components visible by different means.
These were at distinctly different altitudes, I believe, according
to your data.

Yes, that's right,

The cloud rise generates the twisted shapes because of wind shears,
Whether the cloud rise was dus to an upward componsnt of vehicle
velocity or to the expanding gas volume (essentially a hydrodynamic
rise becsuse of the lower pressurs above than below) is a problem.
The two higher altitude shots were identical in rise rates, yet ome
of these was at a vehicle altitude where there was no longer an up-
ward component to the velocity. Therefore, I think we can say that
the rise is not associated with vehicle velocity upward but is a
hydrodynamic push up--rather, a push down agsinst the higher density
ambient below., In any use of point releases it will be a prodblem to
define the situation at a given altitude, The ocloud will apparently

alvays have an upward component unless, of course, we introdwe a
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Zimmerman:

Bdwards:

Rosenberg:

Wright:

Zimmerman:

Bdwards?

Manring:

dowmwnard vehicle component which causes osher problems.

Dr, Bdwards, didn't you mention one cloud which had a drop in its
trajoctoryt Was this release made when the rocket had reached its
peak position?

Yos, that was a 3olar soatter shot., Lily and Frances both showed
this behavior, whereas Hedy was released before the rocket reachsd
the peak and had an upward trajectory.

¥Wone of the point electron clouds were released after the peak of
the trajectory?

I don't believe they were, The two high altitude releases that
Dr. Rosenberg referred to, I believe, are Dolly and S8usan., These
were very close together and showed the same rise rate during the
first minute.

One of those had a 1 lm per second upward vehicle velocity; the
other one had & zero upward vehicle velocity.

I don't understand why the cloud should cease to rise after the
first few seconds., Isn't it possible that the rise is caused by
the explosive expansion of the cloud upwards for the first few sec- M
onds and that the cloud then remains at relatively constant alti-
tude?

The rise time, if I remember correctly from the photographs was
quite long,with characteristic times of the order of 300 to 400
seoonds, wasn't it?

The clouds in many instances continued to rise for the three or
four hundred seconds, as you say, before reaching the maximum alti.
tude. Some altitude oscillations in a given portion of the clowd
as a function of time were observed,

I've seen some of the data before. This time I noticed, if we're
talking about the longer scale rise and drops rather than some of
the very short ones, that from the same burst quite often you ses
some rises and some drops. Mow I'm asking if you've looked at the
data well enough to deteriwine the material all starts at a single
point and then gets dispersed up and down, perhaps through canister
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Edwards:

Menring:

Edwards:

Stergis:

Zimmerman

explosion and continued resoction., I don't know what the wechanism
is, but have you noticed that the parts in the uppermost rezion of
the cloud continue expanding upward and those in the lower part
downwards so that the center of mass of the clouds may remain at
roughly the same height?

Generally speaking, I think that the parts in the upper portion of
the cloud do remain up-=-they don't oreoss over. We do have some
parts that oross one another in altitude in the plot but this is the
exception. However, the upward movement appears to be greater than
the downward and will probably give a slight rise for the center of
mass. I have not calculated the location of the centsr of mass but
from studying points on the clouds which are distributed thr ough-
out the length and breadth of the cloud we do have a predoxinance
of upward motion. As you speculate, tho parts that start up con-
tinue up and the ones that start down continue down.

I wonder if the iong term behavior can be explained in terms of
localized gradients through the clouds and an apparent motion up-
ward and spparent motion downward, depending upon how the material
wes laid out initially in the canister source.

This might very well be so. On a slide which I plan to lhqw in the
next talk I'll show, for example, the separation of sodium and
cesium for Peggy. The sodium appears at one end of the cloud and
the cesium appears at the other end. From Dr, Fisher's talk this
morning, this observation might very well be explained by the fact
that sodium happened to be placed in a position in the canister
from which it came out with higher density at s particular altituda
and then did not appear during the later formation of the cesium
clouds.

Mr. Zimmerman, on your Echo results you show a smooth curve up to
abéut 60 seconds and suddenly a nice bresk which seems to show
turbulent diffusion, Why this sharp break? Physically, what does
shis mean?

The observed initial rate of growth would correspond to a value of
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diffusion coefficient almost three times as large as tshe expocteld
molesular diffusion coeffiocient whioh Dr, Champion and I calculated.
I infer from this that the phenomenon is partly turbulent and partly
molecular and at some point, say at 60 seconds, the turbulence-~
really the eddies~-gained coritrol of the growth of the cloud and
oarried the material along.

Could you differentiate between the turbulence introduced by the
cloud itself and turbulence due to the¢ ambient?

Turbulence introduced by the cloud itself, I beileve, is negligible
in this oase, Such turbulence wouldn't waeit until 60 seconds to ex-
hibit itself.

That's true, You seem to indicate that between about 90 and 125 or
130 In primarily turbulent phenowmena exist, and then on the last
ocurve you show that, for a higher altitude, the result seemed to be
pretty close to the molecular diffusion curve, How do yor axplain
this?

At about 140 ka?

Or even lowe:r.,

The points on the curve are close, but this is a log plot and a
smell span on this log plot can be a factor of two. I hawe made
some ocomputations which show that the ahear--and I believe Dr, Man-
ring can support me in this--decreases rapidly above 120 ln. Am I
right, Dr, Manring?

We've observed turbulence in all of our filaments below about 97 lm.
In the region from about 97 to 115-120 km, the expansions that are
molecular initially (in accordance with what Dr. Stergis said
earlier) seem to be molecular for S minutes or so and then will
suddenly break into a turbulent type of thing. These are very
dramatic, particularly when you see them.

They suddenly do this?

Yes, the expansion follows the molecular rule (with a diffusion
coeffiocient for molecular expansion comparable to the computed
value) until about 5 minutes, when the cloud suddenly breaks up and
the expansion is much faster. There seems to be some sort of

o =

e =




Zimmerman:

Manring:

Zimmerman :
Stergis:

instability there; perhaps the expansion is molecular until the
cloud dismeter becomes comparable to the eddy sise and the expan-
sion after that manifests itself as turbulent. We have observed
this break-up up to about 117-120 lm=-~I don't think we've ever ob=-
served anything that we could call turbulent adbout 120 km. We have
probably two or three times the data now that we had at the time
you looked at this. Most of our newer data shows a slightly
smaller coefficient of diffusion and probably fits the curve a bit
better, but I think all of it is within a factor of two of the
curve, and I'm attrituting the behavior essentially to molecular
diffusion when we're that close, Some of this date that you have
here was obtained on optically dense clouds which are hard to work
with. 80 I think below 97 km our data indicates that there is al-
ways turbulence, and we have found the following: If you initially
lay out a filament, turbulence manifests itself immediately below
about 97 km and there is almost always a high shear in that region,
This may just be fortuitous in the sense tim t there always are
shears in this region and perhaps they are not associated with the
turbulence, but we feel that some energy is being fed out of the
shear region into the turbulent structure.

In other words, if we assume that the turbulence below 97 km cone-
sists of amall scale eddies initially, what is the smallest time
constant that could be measured before the take over of this turbu-
lent mechanism below 97 km?

We have a time resolution of about 2 to 3 seconds, and the turbue-
lence shows up immediately.

This checks pretty well with the numbers we have.

Have you noticed any variations in the altitude at which turbulence
sets in as a function of latitude? The reason I'm asking this is
a8 follows: Some experiments made primarily by Meadows and Town-
send indicate that at White Sands there is no molecular diffusion
apparent up to about 137 lm, but at Ft, Churchill, Canada, they
seem to £ind molecular diffusion as low as 105 lm, so there seems
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Edwards:

Dubin:

Z2irmerman:

Bdwards:

‘to be some latitude variation. I wonder whether you have u_do
enough firings at different latitudes to say anything about this,
We have not. We have observed expansion from New Mexico below this
105 im region., Bowever, I certainly don't think there is enough
data at the present time--the rocket program being what it is--to
be called statistiocal,

I1'd 1like to ask Dr, Edwards about the early discussion with regard
to the vertiocal motion. There should be a time at which equilibrium
would set in for the different constituents as Zimmerman and Man-
ring have shown. Whether the vertical motions could be said to be
real or whethsr they would be temperature or rocket velocity
affected is of interest. In particular, are these vertical ;notionl
real or not, based on the various analyses you've made so far on
the various flights?

As far as we kmow they're real. We have identified specific points
in the cloud from two or more stations and have made the calcula-
tions with very low residuals from the computer programs and have
plotted this as you saw in the diagrams.

This is not the question. I certainly agree that your plots and
computations are correct--your tracking and everything else is good,
The question is, are the motions representative of atmospheric
motions or do they represent a residual in the motion or expansion
or heating of the cloud itself?

I don't believe we have enough data to snswer this question at ths
moment, You have to know more about the atmosphere~-whether or not
turbulence will carry mass upward at a greater rate than it would
carry it downward, if you're referring to some mechanism other than
the temperature expansion and bubbis rise as Dr. Edwards hypothe-
siszes.

A more or less microscopic look at the atmosphere in those altitude
regions in whioh we have clouds would be necessary if we are to know
the effect which the ambient has on the upward and downward motion
of the segménts of our Firefly clouds. I'm not sures there is enough
known about atmospheric conditions on this small a scale to

-
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Zimmerman:
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Champion:
(AFCRL)

Dubin:

Champion:

separade the atmospheric effects on the clouds from the effects on
the cloud itself due to its temperature, the canister detonatiocn and
8o on.

I'd 1like to ask Mr. Zimmerman a question. In the last slide you
showed some computations by Dr, Champion and yourself on molecular
diffusion. At higher altitude there was a larger discrepancy be-
tween theory and the data than at lower. Can you say that your
gas kinetios computation of turbulence using the diffusion equation
is adequate for this pressure~density range in the atmosphere,
since the gas kinetic computations do assume various conditions,
such as the cross sections for scattering, the mean molecular
velocity, and various interactions of this nature?

Well, I don't know 1f I can answer this too well at the moment--
insofar as I know Dr, Champion should answer the question. You
asked whether or not the c ross sections involved and similar
quantities can be assumed to be those given by the simple kinetic
theories for the molecular diffusion. I would say off-hand, yes.
We have taken the data for the number density and the temperature
at these altitudes from rocket flights and this in esaence gives

an average for the region in question., Hence, any variation over
distances small with respect to the averaging length will be more
or less smoothed out. In this case we can say our results show
what would be, if this were a molocular type of diffusion rather
than a turbulent mechanism,

I believe Dr. Champion may have a comment on this subject,

Well, first of all I'd like to ask for a clarification of the
question--it seems to me it wasn't clear whether the question was
in connection with the calculations of molecular diffusion or tur-
bulent diffusion. Could you clarify that, please?

Basiocally what I'm asking is, can you assume that your classical
diffusion~=your molecular diffusion equations--are valid in this
regime of gas kinetics?

Then the gquestion is purely in connection with moleoular diffusion?
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Wa're not absolutely sure, but I can tell you our feeling., We oal-
culated the molecular daiffusion by using theoretisal expressioms
as given in Chapman and Cowling plus experimental values for cross
seotions for collisions betwesn sodium and air, For cesium and
air, I took the values for xenon and air beceuss there were no
oross sections given for cesium and air., Xenon has virtually the
same mass, The temperatures at these altitudes are within the
range in which these quantities were measured in the laboratory.
The pressures, of course, are lower. I can only say that it's the
best that we can do~--we think that the values are ressonably good-«
it 4s quite possible if ws had more information we would revisec them
& bit,

Yes, but your viscosity problem comes in here too.

I don't see how,

Well, one of the basic ways of messuring diffusion classically down
to pressures of a few millimeters is by a viscous technique in the
laboratory.

Yes.

And you have a different regime of kinematic viscosity here than
you have in any laboratory measurements.

No. This ia not trus at all. For example, you know in previous
standard atmosphere studies values of diffusion coefficient in
viscosity have been stopped at 90 lm., The reason for this was that
mean free paths then were becoming significant compared with
dimensions of aircraft and missil-s and so on. However, as far ss
the motions in the atmosphere we are concerned with are concerned,
the mean free paths are small compared to the dimensions you are
considering and this is really the only factor that comes in. If
you're considering the motion of a missile through this atmosphere,
you couldn't use that kind of viscosity coefficient. As far as
motions in the atmosphere which involves kilometers and hundreds of
kilometers are concerned, there is virtually no change.
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Edwards:

Marmo:

Edwards:

Rosenberg:

Edwards:

¥o. May we put it smother way? I guess we can't go into this fur-
ther, but your time between collisions in the gas differs consider-
ably from what it would be down lower where you normally consider
the Chapman-Cowling relationship,

Yes, but ths time between collisions doesn't come into the theory.
Perhaps we should go on to other questions. Dr. Marmo?

Have you talken photographs of these rises and drops that you soe
with interference filters to see that you are looking at sodium-
cesium? On what grounds can you just discount that the cloud might
be just particulate matter. It would be very tempting, you know, to
Just say that the effects were from particulate matter going up and
down and falling and so on,

The photographs were taken through #87 Wratten filters which would
cut out all radiation except the infrared. Of courss, if the matter
is particulate and is scattering sunlight in that region we wouldn't
know the diffsrence, However, I don't believe that we are looking
at particulate matter; I think this is primarily the 8521 £ radia-
tion.

But you don't have narrow band interference filter photographs to
show this?

Yes, we have them, We have photographed these clouds through inter-
ference filters which are approximately 100 2 wide at the half
power point,

It is also the case that the optical density of the outer solids is
considerably lower in most cases than that of the inner hot gas.

The inner hot gas is approximately a kilometer in diameter--with the
center located pretty well to one-half kilometer without much doudbt.
The particulate matter data that I was talking about this morning
has not been used in the calculation of position. Position calocu~
lations were made from the bright center core, which grew much
slower and lasted for 10 to 20 minutes.

Dr. Wright, you had sporadie E, natural sporadic E, occurring as

the time of the Betsy flight., You showed a slide in which you
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indieated considgreble electron density up to 5 minwtes., Now mmh
longer does it go on? Did Betsy give you & longer lasting nighd-
time clowd tham ether relesses within the E-region?

Weight: When you asked sbout the duration, you were referring to the oclowd,
not the sporadic RB?

Karmo? Yos.

Wright: Betsy lastod longer than a night-time cloud but Betsy was, of
course, sunlit after the first five hundred seconds, so it was
essentially a dswm cloud from then on, And it did last & long
time, However, I don't believe that it lasted any longer than any
of the other dawn clouds.

Marmo: How long did those last, roughly? Was it 5 minutes or 10 minutesa?

Wrights We observed it to about 3,000 seconds,

Marmo: Probably 5 Mc. return, something like that?

Wright: Yes, Generally the dawn clouds tended to fade out of owr antenna
pattern,

Marmo: How about the truly night clouds=-not ever lit by the sun?

Wright: The typical night cloud lasts approximately 1,000 seconds,

Marmo: And you had nons of those occurring when you had a sporadic E of
any kind, did you?

Wright: Quite the contrary. Nearly all of the night clouds wers in the
presence of strong sporadic E,

Marmo: We did some theoretical work on the night-time clouds at 105 and
103 km and it appears that durations should be 200 sec with no
sporadic E, It's conceivadble that whatever's causing the sporadic
E might be enhanoing this cloud.

Wright: There was only one night-time cloud in 1959--0bos. S0 we don't
have much to compare 1959 with 1960 so far as night-time clouds are
conserned, but the amount of sporadic E was distinctly less in
1959 than in 1960 and yet there's no important difference between
the persistence of Obos and the other night-time shots,

Zirwerman: Have you tried correlating this with magnetio storms impinging
upon the earth?
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I have a slide that I em going to show Somorrow that will show the
smount of magnetic activity and solar activity and so forth during
both series., Over-all, ome can say from the general level of mag-
netic amd solar activity that the general level of ambient ionisa-
tion in the E-region was larger in 1960 than in 1959,

Has any thought been given toward coordinating one of tisse flights
with the appearanse of a surveillance-type satellite? For example,
during daytime the backscatter for infrared or visible might be
appreciably larger than the forward scatter and we may be able to
better defrine the particulate volume fram above than from below,
What 1s the advantage of observing it from above rather than from
below?

The backscatter cross section may be different than the cross
section of sunlight through the cloud as we see it from the ground,
There also may be additional absorption from the ground that we
would not get from an observatory losated well above the cloud.

I really don't see how, 1if you're up above, you get anything differ-
ent from what you get down below,

If you look at the scattered flux coming from a cloud, being
1lluminated by the sun, and you're looking up at it, you're looking
at essentially 90° from the direction the light is coming onto this
cloud. If you get up on top and look down at it, you're atill
looking at 90°, The only advantage is that you don't have the
extinotion of an atmosphers, but the scattered flux alone is not
going to be any different.




FILTER PHOTOGRAPHY AND PHOTOMETRY

Howard D. Edwards and John L. Brown
Engineering Experiment Station

Georgia Institute of Technology
Atlanta, Georgia

FILTER PHOTOGRAPHY

EQUIPMENT

For most of the firings, the X-24 cmms(l) were equipped with either Wratten or
interference filters to isolate various spectral lines or reglons.

EXPERIMENTAL RESULTS

In Table 1 a summary is given of the data obtained. The numbers 8521, U555, 5893 refer
to interference filters with a transmission of 70% and a pass band of approximﬁely 100 Rng-
stroms. The numbers 25, 15G, 58, 47, 35, and 87 refer to Wratten filters and the notation
above the filter number is the color transmitted. Pol V and Pol H denote polaroid filters
vhich are mounted vertically and horizontally in front of the cameraz. The numbers in the
body of the table indicate the approximate number of minutes for which photographs were taken.
A dash in the table indicates that the irilter was not used on that particular firing.

DISCUSSION

For those shots on which polaroid filters were used (notably Frances, Hedy and Lily) ’
the duration and intensity of pictures indicated that the scattered light coming from the
cloud was not polarized. Densitometric studies of Frances by the photographic technique(e)
(see Figure 1) show the same intensity for both vertical and horizontal arrangement of the
polaroid filters.

Relative intensities for Peggy, Susan, Olive, Lola and Dolly as observed from 5893
fngstrom sodium radistion and 8521 Rngstrom cesium radiation have been plotted by the photo-
graphic technique for times of burst, 30 seconds, 1 minute, 2 minutes and 4 minutes.

(1) These cameras are described in detail in another section of this report entitled "Position,
Drift and Growth from Photography” by H. D. Edvards, Georgia Institute of Technology.

(2) This technique was perfected by Lt. Smith and Dr. Rosenberg of the Photochemistry Labora-
tory, GRD.
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23
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25
26
27

Cathy
Betsy*

Ruth

Gerta
Margie
Marie

1ola

Zelda

Peggy

Olive
Jeannie
Susan

Dolly

Janet

Hilda
Teepee Anne
Teepee Norma
Carry
Arlene

Linda
Mavis
Frances
iy
Hedy
Ida

Table 1: Spectral Data (X-24 cameras)
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‘Betoy was visible for approximately 2 minutes. It then faded and built up at the B + 4 to

6 min point vhen the solar horizon reached the Cs-}a.
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The intensity plots for Olive are presented in Figures 2 and 3 and show that the more
intense centers of 5693 fngstrom rediation coincide with the bright cexbers for 8921 Angstrom

rediation. Iola and Susan are similar to Olive. *

Peggy, shown in Figures 4 and 5, is somevhat different since the location of the most
intenss sodium radiation is at tha opposite end of the cloud from the intense cesium rediation.

Some encouraging results were obtained from photometric studies of clouds and shockwaves
of the Firefly series in the fall of 1959 using the GRD 20" photometer. The primary drawback
to the instrumentation was slow response time and inability to rapidly interchange filters for
spectral measurements.

The entire photometer system was modified for the Firefly 1960 series to eliminate
these drawbacks.

DESCRIPTION OF EQUIPMENT

The mounting and mirrcr system of the GRD 20" photometer form essentially a reflecting
telescope on an altazimith mowuting with a photcemltiplier tube at the prime focus. The
mechanical modifications to the system provided a rotating filter wheel driven by a synchro-
nous motor at 600 rpm. The vheel contained 5 equally spaced openinge near the periphery which
would accept 2" x 2" filters. Provisions were included for balancing the vheel to allow for
different types of filters. A magnetic pickup recorded the wheel position on the final data
chart to allov correlation of filter and signal peak on the data chart.

Optical modification consisted of a simple telecentric lens system to provide s plane
wave front for nearly parsllel transmission through interference filters. The constants were
such that the relative aperture of the photometer was not lowered, and maximum deviation from
parallelism of wave front and filter surface was only 7° for a 1 degree photometer field.

Electronic modifications included the use of photomultiplier amplifiers with loga-
rithmic amplitude response and better than 10 millisecond rise time. The output vas fed into
s model 1108 visicoxder.

Both the Dumont 6353 and CBS 1002 photcamltiplier tubes were used. These tubes have
the 8-11 spectral response.
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For shockvave studies the photomster was aiued in accordance with predicted asimath-
elevation figares by means of greduated circles on the mount. Using s 1/2 degres field it wes
considered unlikely that the release would ever occur in the field of view. This proved to bde
true. As the shockvave moved through the field of view its emission wouldl be repidly sampled
by the rotating filter wheel containing interference filters.

Yor solar scatter msasuremsnts the photometer vas aimed by a sighting telescope at the
brightest visible part of the cloud. ‘The filter vheel was equipped vith Wratten filterc to
sample various regions of the spectrum.

SOLAR SCATTER RESULTS

Esch shot will be discussed separstely.

(1) ZPrances. Yor this shot no filters vere used; the filter wheel vas stationary in
the open positicn. Amplitude response versus time from burst are shovn in Figure 6.

(2) Lily. Wratten filters nos. 25, 35, 47, and 58 were used on this shot. Melative
amplitudes in the various spectral regions are showvn in Fgure 7. No response was recorded
from filter no. 25 since the photomultiplier tube has very low rod. sensitivity.

Iily was observed at an elavation corresponding to an optical air mass m = 1. From the
solar spectral irradiance curves the ratio of 4400 R to 5300 R for m = 1 1s approximetely 0.8.
These wavelengths correspond to the transmission peaks of Wratten filters nos. 47 and 53. The
initial smplitude ratio of these filter responses is about 1.06. This indicates a higher dlus
response than the solar curve. A particle size analysis of the 85 2 material shows that approx-
imately 50% of the particles are less than 1500 £ 1n size and therefore effective in scattering
at the blue end of the spectrum. This may account for the high blue response.

(3) Bedy. Wratten filters nos. 25, 35, 4T and 58 were again used and the results are
shown in Figure 8.

The ratio of 47 to 58 filter response is 0.56 indicating & higher amplitude in the 5300 R
region than that of the solar curve. The particle size analysis for the O48 maberial shows the
size of greatest frequency to be around 2500 £ with 62§ of the particles below 5600 £. This
size vould be more effective m-uttomnﬂnuwcmndhyﬁ.mm”ﬁltu_‘.
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1960 relsases were disappointing from the viewpoint of shockvave observations when com-
pared to the 1959 series. Ve did not cbserve s single clear distinct shock ring such as was
observed on several of the 1959 releases.

Bence the pl’lotw'hr with its narrow field of view and interference filters did not
have an opportunity to record much in the wey of shockvaves. ‘The only shot on which & possible
shockwave was observed was Amy and for it the obeervations are strange. The shockwave velocity
is ayproximtely 10 h/uc wvhich is twice as fast as those observed in 1959. For the Amy fir-
ing the filter vheel was equipped with a filter at 3900 gngltro- to isoclate the l; first
negative band and another at 4120 Rngstroms to measurs sky beckground near the 3900 band.

Two additional filters, one peaked for the oxygen green line at 5577 Kngstroms, the other for
background observations at 5360 Rngstroms, were installed in the filter vheel.

All filters were recoxding steady signals due to background prior to the shockwave
transit as shown in the first series of vers in Figure 9. During the shockwvave transit the
amplified output from the filters varied considersbly. Between B + 1.1 sec and B + 1.2 sec
the output from the 5577 filter almost doubled as did that for the 5360 Rnytro- region. The
output from the 4120 filter and the unfiltered channel also increased. Betwesn B + 1.2 sec
and B + 1.3 sec there was a decline in output from the 5360 and 5577 filters as well as the
open hole. xowever,. output from the 4120 and 3900 regions showed a rise. Between B + 1.3 sec
and B + 1.1 sec the output from the 4120 fngstrom filter incressed by 6 fold and the S577 by
50% over its previous value. The opening without filter showed a decrease in ocutput. Obviously
the open hole could see more radiation than the 4120 filter, hence 1t is concluded that the
4120 and 5570 signals were either spurious or of such short duration that the change in inten-
sity took place in less than 1/100 sec. After B + 1.5 sec all filters returned to normel back-
ground reading.

A vide angle unfiltered photometer vas adjacent to the filter wheel photometer and
observed the same twol s’rong peaks at approximmtely B + 1.16 sec and B + 1.35 sec.

Calculaticns'3) have shovn that the cxygen forbidden transition at 5577 R would likely
occur in the shockwave. In spite of the apparent agreement with theory, it is unwise to con-~
clude that the 5577 radiation vas present in the Amy release. It is hoped that 1961 releases
will clear scme of tne mysteries which now exist in shockwave spectral characteristics.

(3) “Position, Growth and Spectral Distribution from of Firefly 1959 Chemical
Clouds, " Technical Meport No. ¥, Oomtimoct No. AP 19(604)~546T, 15 June 1960. N. D. Biwaris.
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H. D. Mdwvaxds
ring Bxperiment Station

Enginse
Georgia Institute of Technology
Atlanta, Georgia

EQUIPNENT

A Bausch and Lomb plane transmission grating with 600 grooves/mm and blazed for a first
order vavelength of 5500 £ vas mounted in fromt of a 35 ma Eyemo movie camera. The camers
vas equipped vith an £/1.1 50 ma Nikon lens and used Royal-X Recording film. The grating amd
movie camera were used without a slit and hence the full imege of the firefly cloud was
focused on the film.

The equipment was installed on the searchlight camera mount at site F-Z and the camera
operated for about 60 seconds per firing at 4 frumes per second.

ErPERIMENTAL RESULTS

Spectrographic coverage was provided for all Firefly shots beginning with Gerta and
extending through Olive. Spectra were recorded for Jeannie, Margie, lola, Peggy, Susan and
Olive.

The spectrograms taken of Peggy, Susan and Jeannie show only a continuum vhile those
for Margie, Lola and Olive show several lines in addition to the continuum.

Identification of the lines is in doubt due to misalignment of the grating.

No attempt has been made to include prints of the specti‘ognu since the lines are
faint and reproduction would undoubtedly be ineffective.

A detalled description of the spectrum as a function of time will de given for each
shot.

(1) Peggy. The spectrum recorded for the burst frame (1/k sec > time > 0) shows a
contimum cf medium intensity but no evidence of lines.

By the second frame (1/2 sec > time > 1/4 sec), the spectrum became fainter. This
fading continues until the spectrum is very faint at 3 seconds after relesse but is still
visible for the durztion of camera operaticr or 60 seconds.

(2) Busan. The spectrum of the burst frame shows & faint continuvm vith no lines.
The spectrum rapidly fades and is no longer visible 1 second after burst.

(3) Jeannie. The spectrum of the burst frame shovs a bright contimnm with no lines.

i
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The spectrum grows fainter with time and has disappeared by 5 seconds sfter burst.

(k) Margie. The spectrum of the bury’ frame shows a bright contimwm as well as 3-6
bands or lines. ‘The line spectrum has disappeared by the second frame or within the first 1/k
second after burst. The continuous spectrum remmined for the duration of movie camers opera-
tion or 60 seconds.

(5) lols. The spectrum of the burst frame has a bright contimum as vell as 10-15
bands or lines. For the 2nd frame (1/2 sec > time > 1L/4 sec), the spectrogram shows the same
continuum and lines as for the first frame. By burst plus 1 second, the lines have disappeared
but the continuum remained throughout the observing time or 60 seconds.

(6 Olive. The burst frame contains a contimmm as well as two bright lines. By the
second frame, or within the first 1/h second after burst, the lines have disappeared and only
the continuum remains. The continuum diminishes in intensity and disappears by burst plus 2

seconds.
DISCUSSION

In comparing our crude but short exposure time spectra with the more refined but long
exposure time measurements made by Dr. C. D. Cooper of the Uriversity of 0eorgia<1) and re-
ported to the Firefly group in October 1960, a number of interesting differences are observed.

The exposure time for our spectrograms was less than 1/4 second and the camera operated
at 4 frames per second whereas Dr. Cooper's spectra were obtained with exposure times greater
than 10 seconds.

On the s'ix firings for which we have comparable data, the two sets of date are nct in
complete agreement.

For Margie we observed a bright line spectrum as well as a continuum for the.first l/h
second. Thereafter, we observed only the continuum, or solar scatter. Dr. Cooper observed
only the continuum.

For lLols we observed line spectra for the first 1/2 second and theresfter only the
contimmum. Again Dr. Cooper observed only the continuum or solar scatter.

For Peggy, Susan and Jeannie we observed only continuum whereas Dr. Cooper reports lines
due to Na and Cs and bands due to AlO.

For Olive ve observed two bright lines during the first l/h second and thereafter only

(1) See report by Dr. Cooper in this pudblicationm.

3016
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the contimuum. Dr. Cooper found lines from Cs and Na as well as bands of Al0 tut very little
solar scatter.

Further attampts vill be made to identify our spectral lines and the results compared
to Dr. Cooper's and other spectral data.
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FIMNLY 1960 SPOTROGMTHIO DATA

Ce Dowsy Cooper

Physios Departmsnt
Undversity of Georgia

ABSTRACT

Spectrograms of the PEC and TEC releases show the resonant lines of sodium, cesium
and in some oases lithium. Al0 is deteoted in some of the releases and the bands are assigne
od to the,A 2Z X 2F transition. Relative intensity measurements of the cesium 4556A
and 45934 lines indicate that the excitation of these lines is not entirely due to resonsant
soattering.

1. EQUIPMENY

Releaszes of chemicals in the upper atmosphere may be studied by the light which
they omit or scatter, Spectrograms of the observed light can provide information relative to
the camposition of the smbient and the produots resulting from the releases. 3Spectrographs
which use slits provide the maximum spectral information,but their total light gathering power
is limited by the entrance slit. The following speotrographs wers used in the stated speotral
regionss visible = £/1,8 camera lens with a fixed 50 mioron slit; visible, auwrorsl type, £/0.6
Sohxids type camera lens with an adjustable slit; and in the ultraviolet = £/2.5 camera lens
with a fixed 650 mioron slit. Telesoopic lenses were used to image the light on the slit and
the field of view was about one-half of a degree. For the earlier experiments an attempt to
use the awroral spectrograph as a aspeotrometer failed to record the desired speotra.

2, EXFERIMENTAL RESULYTS

A+ Bpeotra of Rooket Releases.

Speotrographic ooverage was provided for all of the night or twilight releases.
Spectra were recorded for FIC or THC nhuo-/only; All other releases failed to produos a
detectable exposure on the spectrographic film. From u visual obssrvation,the glow which
persisted for sbout two minutes for Amy should have been recorded by our spectrogreph if line
or band emissious were predaminate. The failure to deteot a spectrum indioates that the glow
represents a cmtimume The observed speotral lines for each roclet are shown in Tadble I,

30193
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TAPLE I
OBSERVED SFECTRA FIREFLY 1960

Rooket
Code ) Y Cs Cs. Cs Cs A1D Bands Solar
Name 6890 4593 46556 3876 3611 4648 4842 5079 Soatter Other Lines
Margie x
Merie x
Lola x

5845 61807 6306
Poggy x x x x x 6160 6220 6360
Olive x z x x

58456 8260
Joamnie x x x x x x x x 6200 8350
Susan x x x x x x
Dolly x x x x x 11 6708
Betsy x x x x

The resonant lines of cesium, sodium, and lithium were to be expected from preceding experi-
mants if the atoms were present in the release. The appearance of the AlD bands confirms an
earlier observationl of a band at 4850A which was tentatively assigned to A10s The use of 1
and 2 mu slits on the auroral spectrograph favored the recording of bands or continua and proe
duoed three groupe of the Al0 bands as shown in Fig, 2. Bight different vibrational bands are
observed. The AlO 4842 band as observed with the 50 mioron #lit spectrograph is shown in Fig.
1 for the Susan relsase. Al0 radiation was observed for a period of 5.5 minutes following
the burst,

Generally the £/1.8 visible speotrograph with the 50 mioron slit was used to pro-
vide relative intensity data for various atomic lines. For Jeamnie, a Kodak Type 103A-D
film was used and the results show the 45854, 46934, and 3876A cesium lines to have the re-
lative intensities 15, 5, and 1, respectively. Usually, Type 103A-F film was employed and
the first exposure of § minutes was followed by sucoessive exposures of 2 minutes each. The
intensities, on an arbitrary soale, of the observed lines are presented in Table II for

lh-ojcot Firefly 1969, Part Is Optical Studies. Geophysios Research Directorate, AFCRC, ARDG
wel'd. m.., h" n.
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bo+a: - 0426

poLLY
c. c.
#555 3876
S 0437 -0447
JEANNIE
AlO
5890, 4850, 4555
0444 -0449

SUSAN

Fige 1  Representative spectra of PEC releases using a 50 mioron slit,
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JEANNE

0446
30 S&C.

SUSAN

0
$83k.

OLIVE
0442
3 3OSEC.

PEGGY

0442
60 SEC.

Fige 2 Representative spectra of PEC releases using & 1 am slit and the
£/048 oamera,
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several releases. These intensities have been cerrested for difervat expeswre ¥imes and
haslgromd intensities.

TAKLE II
INTRMSITIRS OF BMISSION LINSS OPERATION FIRNFLY 1000

Rocket Code Intensity Inbensity Inbensity
Yome & Timn Na 5803A Cs 4858A Cs 40004 M M
PGGY
04420447 4 ] 2 [N ] 2.6
04470449 15 ] 3.0
0440-0451 26 3 5.0
04510458 377 8 4.6
OLIVE
04420447 (] 4 2 1.8 2.0
BUSAN
04420447 22 9 el 3.4 240
04470449 18 ) 4 2.0 2.2
0449-0451 16 10 3 1.6 3.0
0451-0453 10 1317 0.8
DOLLY
0422-0426 10 14 4 0.7 3.8
04260431 7 19 4 O.é 4,7
04310436 4 27 Q2

Intensity date ocannot be ocbtained from the speotrograms telsn with the auroral
speotrograph because the lines of interest are strongly overexpossd, EHowever, it oan be said
that for the first 30 seoonds on Susan the total radiation from the Al0 bands is greater than
that from either of the visible cesium or sodium lines.

The three low altitude releases, lMargie, Marie, and Lola show omly continua which
appear to be solar soatter. Definitely, Lols acted primarily as a solar scatterer as is in-
dicated by the strong Fraunhofer lines in the properly exposed speotrogram. Over exposure en
both Marie and Margie prevents the distinguishing between a contimmm and solar seatter duriag
the first two or three minutes. It is of interest to note that oonsideradble solar scatter wmas
observed from Peggy along with resomance radiation from ¥e and Cse !mm.-ouvo whiokh was
only 4 lm higher shows wery little solar soatter, see Pig. 2.

Referring again to Table I, we see that additional spectra limes or bands were
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LOLA
3900 -6550 A
| 60sic.
60 SEC.
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il 60 22C.
MARGIE
3800 -6€580 A
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MARIE

3350 - 8000 A

Pige 3 Speotra showing intense continua or solar soatter for the low
altitude roolket,
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cbserved for Feggy and Joamnie, OF the lines recorded, the 5845, 6230, snd 6388A 1imes ave

obssrved on both speotrograms, The error in the wavelengths of these lines does mot exceed
2104,

Be Speotra of Ground Test Releases of RIX, Al and CsNOge

Mr. John Brom of Georgis Tech obbtained spectra of various explosive Al ¢ CalOg best-
type relesses during the experimental ground testing program. We aided in the analysis eof
tieee speotra. Our ocombined efforts show that the test release did not produce a spectrum of
ionised osoium as reported earlier by Arthur D, 1ittle?. Arthur D. Little hac rechecked
their spectra. and found that their original spectra assignments were inocorrect and only Csl
lines were obtained. In the earlier report, they bad noted that there was insufficient
energy available from the chemioal remction to proiuce the excited cesium ions.

The apectra obtained in the tests show that levels within 0.2 e,v. of tle ionisa~
tion level of cesium are exoited; therefore, we oan conclude that ossium ions would be forme

od in the explosion, tut there iz no evidence for the existence of exoited cesium ioms.
8. DISCUSSION

The recorded resonant lines of sodium, cesium, and lithium serve to shiow whether
these substances were present in their atomic states. Relative intensity msasuremsnts of
various atoamic lines can be used to check on the type of excitation mechanism inwvolwed,
Acocording to the kmown £ wvalues the intensity ratio of the 4655A and 4593A lines should be 4
to 1. Buccessive exposures for the same rooket show that the relative intensity of these two
1ines is about 2 to 1 for the first five minutes and gradually increases with time to about 6
to 1, For Dolly and Susan the 4656A line inoreases in intensity for the last exposure (see
Table II) and the 4693A line is barely detectable., At first sight it would seem that the data
on the first exposures could be interpreted to mean that the cloud is dense encugh to absorb
and scatter all of the 4556A radiation which enters it, This hypothesis break down whenever
we note that the intensity of the 45564 line is not as great as that of the sodium 5893 line.
If all of the available 4565A radiation was soattered, the intensity of this wavelength should
be much greater than that of the 5893A line because about 95X of the 5893A solar radiation is
absorbed by the sun's atmosphere snd a Cs 45664 Fraushofer absorption line has not been obe

zProjoot Firefly 1969, Part II, Gecphysios Research Direotorate, APCRC, ARDC, Bedford,
Nassachusetts.
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served in solar radiation. A satisfactory explamation of the reocordsd wariation in rela-

tive intensitine with time is not readily available, but the data indicate that the
oxcitation sechaniem for the blus lines of cesium is only partly due to resomant soatier- i
ing.

The appeerance of AlO bands shows that Al0 is often a by-product of the RIX,
aluminum, cesium nitrate reaction. The persistence of this radiation for 3 or 4 minutes
indicates that it results from a resonant soattering of sunlight, The observed bands are
the 0,05 1,05 0,1 1,15 3,25 2,15 3,25 and 2,3 bands of the A® ¢ = X2 & trensition,

If chemioal relessec oan be planned which will release primarily Al0, then its speotrum oan
be used to determine the tempcrature of the upper atmosphere, A speotrograph with suffioient
dispersion to resolve the rotation lines can be used to determine rotationmal line intensities.
These data can be used to determine the temperaturs for the release altitude.

From a practical point of view, the trail of solid fuel rockets which use aluminum
should be checked for the presence of AlO,

liost of the red lines which were observed for Peggy and Jeannie are still unassigne
ede Two of the lines, 6306A and 8360A, are assigned as the oxygen red lines which are
usually observed irn the night air glow,




Noar Infrared Photometry of Artificial Clowds

Radiation Etfects Branch
Thermal Radiation Laboratory
Alr Force Cambridge Research Laboratories

Summary Prepared by:
Ralph G, Eldridge*

Technical Operations, Inc,
Burlington, Mass.

John D, Armitage, Jr, **
Radiation Effects Branch
Thermal Radiation Laboratory
AFCRL, Bedford, Mass,
and
J. H, Taylort
J. J. Freymouth
J. L, Streete

Southwestern at Memphis
Memphis, Tenn,

The brightness of solar illuminated artificial
clouds as a function of time is presented, The
spectral region of observation is 0, 8 to 2,3 microns
wavelength, The attempt to infer a spectral change
with time resuits in approximating that which would
result with or from a rising sun,

* Supported by Contract AF 19(604)-6140, Thermal Radiation Laboratory, AFCRL,

** A more complete technical report on this data is being prepared by Project 7674,
" Thermal Radiation {from Nuclear Weapons', for submission to the Defense Atomic

Support Agency (DASA),

t This research was supported by Contract AF 19(604)-4953, Thermal Radiation
Laboratory, AFCRL, funded by the DASA through Project 7674, "Thermal Radiation
from Nuclear Weapons'. A comprehensive report is svailable in the Quarterly
Status Report dated 1 January 1961,
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Introduction. °
Measurements of the near infrared radiation .from artificial clouds above 100 Km

altitude were made during Project Firefly by Project 7674, "Thermal Radiation from Nuclear

Weapons and Environmental Effects, " Data were obtained by iwo groups: the Radiation

Effects Branch of the Geophysics Research Directorate (John Armitage**) and Southwestern

at Memphis (Dr. John Taylor{,
The Geophysics Research Directorate team used a radiometer buill by Technical

Operations, Inc, This instrument employed a PbS detector which viewed the artificial cloud

ety " iy Wi 15

through a 60-in "Search Light" optical system, The collecting optics and the 1-in square

detector were 3o configured that the fleld of view was 2. 4 degrees. Provision was made for

rotating a series of transmission {ilters between the detector and the 90 cps chopper assembly,
The radiometer operated by Southwestern at Memphis used a 10 by 10 mm PbS

detector, and a 60-inch focal length mirror system resulting in a square field of view of

0.372 degrees on a side, Transmission filters were also introduced in front of the PbS

detector, .
Figure 1 shows the detector-iilter spectral response of the Geophysics Research

Directorate radiometer, Figure 2 shows the response of the Southwestern at Memphis -

rudiometer with 2, 2 precipitable centimeters of water considered as an additional filter,

QObserved Brightness Data

ster)) as a function of time (in seconds) from release of the cloud material. The reduction
of the energy to a brightness represents an approximation becguse no consideration has been
given for the extinction of the radiation by the intervening atmosphere or the fact that most of
the "clouds' did not fil] the instrumental field of view of 2. 4° for at least the first 50 seconds
of existence; and in some cases not until 200 seconds had elapsed after release. This
situation is not true in the case of the data observed by Southwestern at Memphis since their
radiometer had 2 smaller field of view, Jack Taylor approximated the atmospheric path by
assuming the presence of 2, 2 cm of precipitable water and applied this to his filter fuctor

¥
|
The observed near infrared radiation data are plotted as brightness (watts cm=2
corrections,
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¢ The brightness measurements for poist electron clouds AETAX and DOLLY are
| presaonted in Figure 3, It has been tndicated that BETSY became sunlit after absut 500
seconds, The physical parameters of both clouds are similar and it appears that thair
brightness will approach similar values at about 1000 seconds. The brightsess of FILDA, a
“trail electron cloud” is also included for visual comparison.

The separation of an artificial cloud into distinct parts is fllustrated by the
brightness messurements of PEGGY, Figure 4. Inspection of some photographs indicate this
is not ax uncommon occurrence, The definition of the “head" of this cloud as distinct from its
"tafl" i3 more obvious in infrared photographs. The brighiness of the tail appears to decay at
a regular rate, whereas the head appears to grow in brightness after 250 seconds, The
photographs show the "head and tail" become distinct after about 45 seconds and the head grown
in brightness alter some 100 seconds, The "Tail" section fills the field of view of the instru-
ment after the first 60 seconds. It only after about 200 seconds that the "head" approaches
a size that will 111 the field of view, This is considered the reason for the rather abnormal
changes in brightness of the "head” section of the cloud,

In the next Figures, 5 and 6, the brightness observation of MARGIE by the radio-
meters cperated by GRD and Southwestern sre presented in that order. Refering new to
Figure 5, a rather interesting phenomena results as the doud passed nearly between the moon
and the observing point, The artificial cloud appears to separate into two parts after about

. 250 seconds, and after a lapse of 300 seconds, one section drifted into close proximity to the
moon., This cloud exhibits an increase in brightness wkich can be atiributed to the ferward
scattered flux from the moon. Inspection of the change in brightness with time indicates that
the contribution of the forward scattered flux is becoming evident at least at a time of about
200 seconds,

The brighiness measured by Southwestern while observing MARGIE is shown in
Figure 6. Without formal knowledge of the precise portion of the cloud which was being
observed, it appears that this instrument was viewing the brighter portion which passed mear

the moon,
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The brightness of several types of artificial particulate clouds are plotted in
Figure 7. Of particular interest is HEDY, a cloud composed of Cadmium Sulphide (Cd8)
material, It was hoped that it would exhibit a gsolar -~luminence phenomena at about 1 micron

wavelength, LILY, composed of 2 micron Al203 particles, was to be used as a comparison,
It is true that in the near infrared they exhibit a different brightness anddecay rate, However,

; because of the difference in altitude of the release of the particulate matter and the decay rate,
‘ of the brightness, axy comparison is tenuous. The brightness of ERANCIS and LILY are
reasonably similar, IDA is alsn included for visual reference because of its uniqueness. The
spactral relationship between LILY and HEDY i- discussed iater,
Again the difference in instrumentation and observation techniques il obvious when
one compares the data obtained by Southwestern at Memphis in Figure 8 with the previous
Figure, The rapid decay in the first 30 seconds seems characteristic of rmuch of the data
observed by Southwestern during the initial stages, With a fleld of view looking at about
1/25th the area of the GRD radiometer, the Southwestern instrument probably observed
different portions of the cloud which may account for the appearance of noisy datum about the
smooth curve, .
The Symposium directive requested the determination of the fading rate, Figure
9 depicts some fading rates for a variety of artificial clouds. These cover about two decades
and any cne curve is approximate only within a facter of about + 2. If the cloud is dissipating !
fast, it is located near the top of the chart, HEDY undergoes quite a change, For the first §
100 seconds, its fading rate decreases until suddenly the cloud starts to fade quiie rapidly. |

Analyals

As was mentioned earlier, an attempt to discover any spectral changes with time

would be made, The relative change in the ratio of the infrared (1. 2-2, 3 4 wavelength) to the
red (0.8-1, 05 4 wavelength) is used as an indicator. The brightness for all spectral regions
was reduced by a filter factor derived from two measurements of the moon's reflected sunlight,
These filter factors are considered the best for this purpose because the detector is looking
at & source of reflected light, that is fromthe sun, which {s transmitted through a similar
' atmospheric path. It is appreciated that the albedo of the moon and the artificial cloud may
not be identical, but the differemce is considered a second order effect compared to using a
non-sunlight source without & realistic atmospheric path, -
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The ratio of IR/REL is plotted for the last 600 seconds of BETSY on the b.ttom
of Figure 10, As it can be seen, the radiant energy becomes more red with time, The dash
curve following the same trend is the relative spectrsl change for the same filters observing
tke sky background, The three curves at the top of the Figure show the change in brightness of
the sky background for LOLA. The five sky background measurements made before and after
an observation of artificial clouds show a remarkable consistency which lends confidence to
using an average sky background and thus a relative spectral change for sky background,

The difference between the ratio of IR/RED for BETSY is not considered
significant,

Figure 11 shows the brightness measurements observed for various "clouds' at
various times which have been subjected to the same filter factor corrections as previously
described. Measurements of the sky brightness before each of the cloud observations are
plotted on the left ordinate. Two conclusions may be inferred from these data: (1) the
brightness of point electron clouds formed from 80 kilogram load exhibit about 2-3 times
the brightness of a cloud formed from 18 kilogram load; and (2) that the gross spectral change
in time conforms with the sky background,

In spite of a full moon during MARGIE, the sky background is within the normal
referred to above, The cloud brightnesses have also been modified with the moon filter
factors with the results shown in Figure 12, Here is the only consistent (though not true
significant) deviation in the relative spectral change betwsen the IR and RED, It may be
interesting to speculate that the forward scattered light from the moon by the "head" cloud
indicates a shift toward longer wavelengths, whereas the '"tail" assumes characterstics of the
sky background,

In Figure 13 the brighiness for MARGIE as measured by both radiometers in the
near infrared spectral region is plotted as a function of time, The ratio of IR/RED is also
included for visual comparison. The agreement is quite good considering the Souhwestern at
Memphis data has been corrected with an assumed representative atmospheric absorption, and
e difference in the instrumental fields of view, If an equivalent atmospheric absorption was
applied to the GRD data, it would be moved upward by a factor of 3 or 4.
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The brightnesses for HEDY and LILY, Figure 14, have been subjected to the same
filter factor as previously mantioned, These data show a rather good interpal consistence,
The ratio of IR/RED aiso appears to be consistent with the change in sky background,

Again the brightness data of HEDY observed by GRD with the Tech/Ops built
radiometer and the radiometer operated by Southwestern at Memphis is shown for visukl
comparison in Figure 15. The correlation is reasonable when comsiderstion is given te the
difference in observation techniques snd the uncertainty attendant the evalustion of the effect
of the itmospheric path,

Conclusions.

Any conclusions which might be drawn from this preliminary analysis of the data
must b> tempered with cautionor be considered speculative. However, a few points seem
obvious, The brightness measured in the near infrared spectral region is primarily soler
scattered energy. Also because these artificial clouds are quite nebulous, the effect of sky
background camnot be discounted, even when the field of view of the radiometer is filled,
Finally, any examination of spectral changes can only be inferred because of the wide spectral

LS { WU SVIUP N TRy AP,

regions observed by the bandwidth of the filters.

S g T e

Addandums

Just piior to presentation of the data at the Symposium, I was informed that the
dats observed by Southwestern at Memphis required a correction of a factor of w. Therefore
the brightness curves in Figures 6 and 8, and those labeled SAM in Figures 13 and 15 should
be raised by this value,
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Holts

Street:

Bolt:

Eldridge:
Holt:

Eldridge:

Holt:

Eldridge:

SPRCTROPHOTONETRY PANEL DISCUSRION

Panel Members:

R. B, Hols Device

0. Oldenberg APCRL

Cs D. Cooper Univ, of Ga,.
8, Silverman AFCRL

H, Schifft No0411

H. D, Edwards Ga, Tech,

N, W, m.nb.rs AFPORL

T. P. Markham AFCRL

J. Btreat 8. W, Memphis
R. Eldridge Tech. Op.

I should 1like to ask Street whether he got any signals correspond-
ing to burst itself on any of these releases? Were you cver
directly enough on the burst to pick up anything?

At first, before we decided to stay off the cloud and look for a
shock wave, we did obtain some data of the burst itself. BHowever,
for the later shots we did not obtain data at burst,

How about the other IR group? Did you get anything on burst itself?
Your scceptance angle was wider, so you might bave been on burst
some of the time, Nothing corresponding to burst signal?

We did not,

Did you feel that youwr sensitivity in the infrared at the resonance
line of cesium was sufficient so that you would pick up a great
deal of the 8521 £ rediation from the point releases? You had one
filter that passed this wavelength, I believe,

At 8521 L the sensitivity is dowm; actually, there was no way of
telling because the filter band was too wide,

I see. Would you have any comment as to what your ultimate sensi-
tivity was in that wavelength range? We do not have a lot of data
from other measursments in that range.

The radiometer built by Technical Operations, Inc., and operated by
GRD has a measured sensitivity of about 1.5 x 10°7 watts to & blaok
body at 270°K. However, the important point to remember is that
both radiometers were background limited, The date whioh I
presented (Pigures 10, 11 and 12 in the written version of the
report) gives the measured brightness of the backgroumd before and
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Belts

Oldenberg:

Holt:

Pisher:
(Aerojet)

Paulsont
(AFCRL)
Cooper:

Edwards:

Cooper:

Rosendberg:

after the obsl. .atien of she particulasde clouwdd,

W night ask Professor Oldenberg if he has some comment conceming
ti» gmersl kind of observations we are making, I perevonally em a
1istls ooncermed about thw cnes we do ocurselves, and I suppose most
of the people hare are similarly concernsd, because we have aveil-
aile & huge mmber of quantas ooming from these various releases amd
80 far we have not been very suseessful in obtaining »ecords on
them, Do you have any suggestions on techniques or prosedures?

Weé have sesn in this mesting quite a few photogrephs of spectra and
quite a few direct images through interference filters. I would
1ike to know what the spectrum taken at the ground from a ssmple ex-
plosion with & good speotrograph looks like; in other words, I
would like to Iknow whether the lines are very persicstent and
whether they could be separated by interference filters, or whether
these lines are more or less covered by a molecular background,
Perhaps Dr, Fisher would have some comment on that.

John Paulson and John Brown came out to Downey and a lot of charges
were fired, We only prepared these charges and I haven't seen the
data so I think Dr. Paulson ought to answer the question.

Dr, Cooper has the data.

The spectra are grossly overexposed generally. Where there are no
bands showing up thore 1s @ background continuum and the speotral
lines are definitely those of ocesium neutrsal,

The shots were made in sunlight so the speotrograph was looking ‘ot
through a hole in the wall into sunlight and then superimposed on
the resulting continuum was the burst itself. We obteined a very
dark spectrum, as Cooper indicated, but on the edges you could ses
enough of the lines to match up with the neutrsl Sesium spectrum as
found in the ocesium lamp,

Yos, that's trus, but there was %o evidence of any molecular speotra
sctually showing up.

Does that include last year's spectra which were perhaps mede in Whe
dark raiher than in sunlight?

P e




Coopers

Holt:

Rosenbergs

Coopers

Holt:

I haw only seeaa ¥» Mwmmm'n-m. I
ean ocomment that there seemsd to be continuous backgrousd Wt sed
any band spectwra,

The enes fram the previous year were actually made during daylight
sondisions, but not in terribly bright sunlight.

In the clouds which broke in two or whioch had two very differens
locking segments (one rather fussy in outline, one ratha clear cut
in outline) is there any way of distinguishing whether one of tiwse
is largely cesium radiation and the other one continuwm from solar
scatter from solids? B8pecifically, Peggy hed one section with a
rather sharp edge, another section fussy edged, snd Margie broke
into two, again with a fussy edged unit and a sharp edged unit,
There are 20 kilograms of aluminum oxide around somewhere. Where
is 1t? Would any of the panel want to comment on this?

I might comment on Peggy. Immediately following the burst our
spectrograph was looking at the white section of the cloud that I
believe is the section that the sodium was in., We observed scdium
absorption for 20 seconds, then we got weak emission for another
exposure on the apectrograph. Then we switched with the spectro-
graph and tried to follow the cloud which had the strong cesium in
i1t (using the snooperscope which was picking up the infrared radia-
tion to guide on), but with the spectrometer we atayed on ths white
cloud because thore was no snooperscope tracking provided for it.
The spectrometer then would show the sodium and aluminum oxide., m
Margie we tracked both clouds with the spectrometers, switching
after about 30 or 4O seconds to the weaker cloud, and ¢is re was no
indication of aluminum oxide. Howewer, thers is some erratie be-
havior which I believe may have come from an overloading of the
electrometer, This data has not beon completely reduced, bu* there
was no indication on Margie of the sodium, cesium, or alumimm
oxide,

Fow, to discuss further Professor Oldenberg's question, I think that
Dr. Rosenberg had in mind when talking to me the other day doing




S e

Silverman:

Holst
Silverman:
Oldenderg:

S

9eme mere experisunts along the 1line thad yeu menticmed, with e
4dea of trying %o determine what the spectirum on the grownd feor
some of these eeses 18 1ike, as soon as we have the preper equip~
ment seb up for doing it, It 1s quite difficuls to interpres the
speotroscopic information obbained in Firefly releases because you
are usually taking spectra in the presence of baskground whieh 1s
larger than the signal you want to measure. This complicates
things a good deal, because if you widen out your acoeptanse angle
80 you get the whole cloud you more than proportionately increase
your background., If you narrow it down you will be looking only at
a small portien of the ocloud and the question arises as to which
portion are you looking at and how are you going to track all your
oquipment. Bome work was tried using filters on TV units but it is
& diffioenls$ experimental probdlem,

1 wonder if we ooculd turn to one other thing. Dr. Bilverman might
have some estimates as to what happened to all the cesium we have
bsen letting go based on his evaluation of negative results from
field stations,

Really, I haven't got the estimates of how little the field measure-
ments would detsot. At Sscramento Peak the re were a zood many of
the twilight spectra taken with the 4555 filter and these werse all
negative, but I have not calculated what the concentration corres-
ponding to a negative result would be, In Mexico results were

slso negative but there were only two or three spectra taken at
twilight there. Peru again was negetive, so I can't reallygive
you an estimate at this point on minimum quantities that would have
besn shere,

Levels were cortainly lower than naturally present sodium, thought
Yos,

Doesn't ¥his experiment depend upon the wind? Tihus 1% would bde
necessary to check the semd observations over and over again and
aesasionally one may get a strong effecs.
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Bolts

Silverman:

Holt:

8ilvermen:

Holt:s

Silverman:

Holt:
84l verman:

Yes, that is what we had hoped. We had about a dosen cesium re-
leasds and we had hoped that at least one time tiwre would be the
proper wind going in the right direction to take some of it over
one of tho observing stations, which were fairly widely spread
geographioally, Of course, it is not only the direction of the
wind, but how fast the wind is that is important, because if it
blew the cloud by at soms time other than sunrise or sunset the
flash doesn't appear,

On the photometric filter results which Dr, Holt showed, there was
a 14555 R £ilter and a #87A filter (which passed up 8521 : probably).
As I remember, if prior to the burst you have a givem level of

4555 R, then past burst a new level established which is above the
extrapolation of the preburst level,

At most wavelengths the enhancement ococurs, At L4555 g on the par-
ticular shot discussed, we did not have a prsburst reading, unfor-
tunately. We didn't have the recorder on the 4555 R photome ter,
The ones that we did racord the burst on were the #16 filter

(which is a deep yellow) and a couple of units with no filters,

On the records of Jeannie that you showed, didn't you have data of
this sort?

Yes, but not the wavelength 4555 X.

Can't you measure the difference sbove the level, for example, that
the #87A filter showed us as comparsd to normal twilight resuits,
and thus estimate the additionsl lsvel due %o the cloud?

We do have some data from which we can estimate it,

If the #87A filter is measuring 8521 & radiation, the oscillator
strength for this transition is greater by a factor of approximately
50 or more than for 4555 X, 80 I would 1like to ask you if this
would be enough to then make the cloud optically black at 8521 s
but not at 4555 27 If so, when th» cloud moves into ths sunlighs
your deorease in 8521 2 intensity might be equivalent to the
resonance absorption effect that you get in sodium, If it 1s, then
possibly you san use this to get some information on number density
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Schiff:

Bdwards:

Sohiffs

Coopers

Sohiff:
Rosenberg:

fyon the date Salsn Sogether with the incressed level of 4555 X.
This 1is a very good suggestion; we will try to do this, One resson
that the infrared end of the ocurve goes down rather tham uwp (all
the others for visible wavelengths go up) is simply that there is a
éolay in the build-up of the infrared background as daylight comes
on. We woere measuring at the intermediate time during whioch the
blue background is already built up or is building up very, very
rapidly, and just before the infrared section starts building wp.

I think your suggestion that the cloud may have been optically black
at 8521 L1 oertainly possible.

I would 1like to ask Dr. Edwards whether on any of the nighttime PEC
tests he has data on the sodium and cesium relative intensities.

On the nighttime releases we had very short exposure time. Ve
haven!t »un the densitometric studies on the one or two tursts we
have, but there 1s nct much data.

I think that would be very interesting information to have if we
could get it. One other question to Dr, Cooper. In the case of
the Al0, where you had three vibrational levels, is there any sense
to asking what is a vibrational temperaturc here?

I think not on vibrational temperature, since this is resonant
soattering of sunlight in this case. Ithink there is good possi-
bility of probably setting up and getting rotational temperature in
another shot. On one of these releases the Al0 radiation is
initially ten times stronger than cesium and towards dawn I think
you could get enough intensity to use sufficient dispersion to get
a temperature determination,

In the nighttime shots there was no continuum at all, I gather,
Tris is one of the saldest features of the series this year, in that
on all of the nighttime shots there was between 3 and 5 minutes per-
sis tence at a low intensity level and some sort of comtimuum. As
Cooper points out it was not sufficiently intense to show up on the
spectrogrephs, but the fact that it didn't show implies that 1t was
a contimuum or bands rather than a line structure. We will have to
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Holt:

Bdwards:

go after this with more sensitive equipmens, but it was very
frustrating standing there and pointing equipment at somsthing thas
an eyeball eould see and have these very expensive instruments ig-
nore it completely.

That commsnt really strikes home to all of us, I think. I bellieve
that all that we can say in our own defense is that if we oan have
more shots we can probably do batter.

I also say that an eyeball may be cheap, but it is still one of the
best optical instruments that I know of. We stuck a transmission
grating in our pocket and put it in front of an Eyemo movie camera
without slits and ran the thing at I} frames per second during some
of these shots. As I described it, we did thias in rather hurried
fashion so we have some prohlems mainly in identifying the bands
and lines that we saw. But we have some data that pertmps supple-
ments that which Cooper has mentioned, His spectra were teken at
sbout burst plus 10 seconds, and beyond. I'm talking about spectra
during the first one-fourth to one-hslf second. On Margie we lave
some three to six lines or bands unidentified at the present time,
but I feel fairly certain that a couple of them are the blue lines
of cesium at L4555 % and 4593 A. These occurred for the first one-
quarter second of the cloud's 1life, Thereafter we have only the
continuum which Cooper found on his spectra., On Lola we have some
10 o 15 bands or lines during the first one-half second., There-
after we have just the ccntinuum, Peggy, Susan and Jeannie show
only the continuum from the beginning until sixty seconds or so
whereas Cooper found sodium, cesium, and aluminum oxide, On Olive
we find two rather sharp lines during the first one-quarter second
snd a continuum thereafter, I think these are again the eesium
blue 1lines, Cooper found cesium, sodium and aluminum oxide, I
believe that our grating mounting probably made the sodium D line
fall off scale, I think that we pirobably also have the blue lines
of cesium and some of the aluminum oxide bands in these shots on
which we sav spectra,



Picher:

Edwvards:

Fisher:

Edwards:
Holt:
Dodd:

Holt:

I wanted to point out that the sodium was in she forward end of the
charge, and it would have been enveloped in the reastion products
about 70 microseconds after the time of initiation, that it would »
have bem dropped in an axial direction and probably thrown in the

direction that ths nose cone was pointing, Also some of the time

this sodium nitrate was alone and sometimes it had a reducing atmos-

phere of aluminum with it, and I wanted to know if this made any

difference to anybody. |
Sounds to me like on Peggy that it was in the wrong end. We had

sodium at the bottom end of the cloud and according to the way I

understood you it would have been the top end. Is that right?

JL the orientation were such that the nose cone were pointed up.

It dldn't go back the other way having been hit on the bottom, I can

assure you.

I don't know where the rocket was, I assume it was going up.

Another question here?

In 1light of Dr. Edward's report I have bsen thinking that the

posaidbility of using an objective prism or grating at the very .
instant of burst might give some informetion on the initial spectra

and help Dr. Oldenberg in his comments. At the very beginning even

with a larger instrument when the cloud has a size of some fraction

of a kilometsr I think you should be able to get falirly good

resolution.

I might simply corment here that we tried a similar technique last

yoar on Firefly 59 with a prism and I think a grating was tried by

Millman last year. We always do try to take care of this possibil-

ity of getting spectra while the cloud is stil) behaving more or

b e g — < = nn

less as a point source, It seems like our grsatest weaknesses come
later in the cloud development, because then we are dealing wita a
very tenuous cloud in tremendous background and so the problems are
much more severe. We need both kinds of deta, you are absglutely
right. We are following up the suggestion of using the source it~
self as a point.



Zimmerman:

Edwards:

Zimmermaen:

Edwards:

Rosenberg:

Would it be possible to pick up excitation caused by the passage of
a shock wave of any of the comstitusnts or even the parsioculate
oxides?

Wiat we identified as or ocall the shock waves we saw only on Amy.
Our filter wheel was running at 600 revolutions per minute, and we
had about ome hundredth of a second between filters. We had some
strange phenomena which I showed on the last slide, it wasn't too
clear, and perhsps you didn't see what we had there, We Aaid get
some increase in radiation through some of the filters. These
filters were about 80 to 100 Angstroms wide. That is the only one
that we identified as a shock wave, to be differentiated from the
particle waves and the main cloud. This one was traveling at 10
kilometers per second, and we had an increass at the regicn 4120 2
(which was piocked to be away from any of ‘the expected bands which
might otherwise be expected from atmospheric mole cules and atoms),
We also saw a small increase in 5577 which we had thought might be
excited by the shock wave in passing through the atmosphere. 8inoce
we have all of this on one firing, I hesitate to draw too many cone-
oclusions from it., If we could have had this repeated on several
othor shots, I would feel much more comfortable about it.

This is again to Dr, Edwards, in line with his last reply. Can you
differentiate between the shock and the solid particle wawes in
this case?

We do in this way. The particle waves that I have talked about we
were able to photograph with the Eyemo movie cameras. We can see
this on the film. We did not see similar effects for Amy on omr
£ilm, We pioked this response up on the photometer, which is much
more sensitive than the film, and maybe it was just a fainter par-
ticle wave. We certainly wouldn't argue that point,

May I make a comment on that shock wave. You saw it at one and
one-"1alf seconds after burst and it hud a speed of about 10 kilo~
meters per second. I assume that it was 15 kilometers from the
burst point. I don't believe that the energy in the initial
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Rosenberg!

Paulsons

dotonation i suffieient %o emcite sppreciably a volwme 15 kile-
weders in redius et this altitude, Too much energy would be
required,

Porhaps we measured a flashlight,.

Or, the other possibility is that hase creaded the »ring but the time
dolay is embarrassing. A 15 kilowmetér radius sphere contains tons
of materisl, as Dr, Kivel pointed out. We just don't have that
much energy.

I would just like to point out that we did see this so-called
partiocle wave on Amy with the image orthiocon equipment, so it is
definitely there,
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"RESEARCH DIRNCTED TOWARD A THREORETICAL STUBY OF FHYSICAL FROCESSSS
ASOOCIATED WITH CNEMICAL RELEASES"*

GROPHYSICS CORPORATION GF AMERICA
Bedford, Massachusetts

This report reviews the contributions of GCA in exsmining the fundamental,
physico-chemical processes involved in the "Pirefly" contamination program. The objective
here has been to put on as firm s basis as possible our understanding of these processes.
As part of this program, thers has been critically examined the mathematics and physics of
the diffusion process with associated loss and production processes for single and multiple
species. The chemistry involved in upper atwmosphere releases has bien iuvestigated as well
as the nature of the recombination during the radial free expansion of a plasma sphere.
With a view toward the disgnosis of the chemical releass and the geophysical interactions,
work has been pursued on the optical behavior of resonant and chemiluminescent clouds under
a variety of initial and physical conditions. Devices for determining the nature of the
diffusion mechanism such as paired resonant tracers have been studied. Concisely stated
then, the two principal objectives of the program were the devslopment of methods of
measuring upper atmospheric geophysical parameters and a detailed investigation of the
applicability of the techniques to existing and future Air Force systems requirements.

*This work has been conducted under Contract No. AF 19(604)-7269 (sponsored by ARPA) and
this report has besn prepared by F. F. Marmo, Project Director and principal investigator.
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1. INTRGDUCTION

The program of recket experiments wherain various chemical contaminants are
released into the upper stmosphere are specifically designed to test the feasibility of
utilizing such techmiques to determine atwospheric psrameters as well as investigating
practical applications to tha military system technology. Since the experimentalist is
confronted with an exceedingly complex, non-laberatery controlled experiment, great care
sust be taken to develop a firm theoretical understanding of the phenomenology including
mathematical models, physical-chemical reactions, etc. so as not to derive purely quali-

tative results from a series of flights. It has been & primary objective of this study

to identify those areas requiring further theoretical effort and as a cottsequance generate

appropriate study programs. A test of this philesophy of operation may ba found in the

successful application of many previous recommendations in the areas of planning, per-

formance and data analysis. A further function of this program is to indicate and develop

ideas and areas in which practical applicstion to current and future Air Force requirements

seem appropriate.

The most efficient method of illustrating the types of problems investigated thus

far 1is simply to list the titles of the various technical APCRL publications that have been

prepared by GCA to date under this contract.
The Technical Reports and Mamos include the following:
1) Chemical Relesse Studies I: 7Time Varying Concentration Field Equations of a Single
Substance With an Initial Arbitrary Configuration in Free Space.
H.K. Jrom, F.¥. Marmo, J. Pressman . AFCRL 222

2) Chemical Release Studies II: Coupled Time Varying Concentration Field Equations of
Two Substances With Initial Arbitrary Configurations in Free Space.

H.K. Brown, P.F. Marmwo, J. Pressman AFPCRL 223

3) Chemical Release Studies III: Some Theoretical Considerations Relating to Radiative
Rocombinations,

AM. Nagvi AFCRL 210

4) Chemical Release Studies IV: Chemistry of Upper Altitude Releasss.
D. Golomb, A.W. Bexger AFCRL 229

5) Chemical Release Studies Vi Recombinstion During Radial Free Expansion of s Plasma

Sphere.
P. Golomb, A.W. Berxger AFCRL 202

6) Chemical Relesse Studies VI: Optical Properties of Chemiluminescent Clouds for Two-
Bedy Chemicsl Reactions Without Diffusion.
J. Fressmsn, N.K. Brown, 7.7. Marmo ATCRL 201
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7) Chemical Release Studies VII: Optical Properties of Rescuance Cleuds With Diffusion,
for Yarious Initisl Release Geomstries.
J. Pressman, 7.7. Marwo, H.K. Brown Arom, 207

8) Chemical Releass Studfes VIII: Some Comments on Shklovsky amd Xurt's Measuremsat
of the Density at 430 KMS by Sodium Resonance Cloud Techmiques.
J. Pressmen, F.¥. Marmo APORL. 218

9) A Mamo on the Use of Resonant Tracers for the Determination of Diffusion Mechamisms.
¥.F. Marmo, R. Berendzen Technical Msmo No, 61-1-ATM

10) Yeasibility Study: Generation of Artificial Electron Clouds by Radioactive Species.
P.J. Mawrocki Technical Memo Mo. 60-3-G

From an inspection of the above titles it can be seen that a wide gemut of
associated technical areas have been investigated. The choice of topics, however, was very
methodical and represents what it is felt to be present outstanding gaps in the fundamental
understanding and appreciation of some of the more basic aspects of the technology. Inte-
gral to each of the above-cited technical raports are recommendations for spplication,
experimental implementation or logical continuation of the reported techniqus or investi-
gation. It is the purpose of this document to summarize the more important results and
conclusions reached during the program and expressed in more detail in the several technical
reports. Included in this integration an attempt will simultaneously be mads to indicate
the utility and application of the results and data thus reported.

Four distinct areas can be naturally subdivided for ths purposes of discussion
herein and rapresent the bulk of the GCA effort under this program:

Chemistry of Upper Atmosphere Releases
Mathematical Models for Chemical Release Studies
Optical Properties of Chemical Releases

RF Propagation Studies

Pinally, a brief summary is given including plans for future efforts in this
area.
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A. geuneral o
Yor purpose of artificial (ionized or unionized) cloud generation, vapers are released

from rocket-borne cenisters. Thess releases are analysed in terms of two successive
processes: first, formation of the initfial reaction products and second, evaluation of the
non~equilibrium kinetic processes during expansion. Application of various models and
comparison with experimental results provides the basis for recommendations for optimiza-
tion for various types of releases.

Initial reaction product compositions and flame temperatures can be calculated on the

basis of equilibrium processes with the aid of thermodynamical data. Details are given in
AFCRL Report No. 229 entitled "Chemical Release Studies IV: Chemistry of Upper Altitude
Releases" by D. Golomb and A. W. Berger.

In the aluminuw-alkali nitrate reaction maximum ionization is obtained with the
stoichicmetric reactant ratio. However, this reaction is relatively slow and therefore
the reaction may bs extinguished at burst of the canister, i.e. when the equilibrium
pressure above the reacting mixture resches the burst pressure of the canister.

Addition of a high explosive may speed up the reaction so that it is complete before .
disintegration of the canister. This was actually done in some releases of the Firefly
series. It is difficult to predict the flame composition and ionization yield in a multi-
component detonation system. It is probably also difficult to assure reproducibility in a
series of releases based upon detonating mixtures, unless the packaging, grain size,
canister strength, etc. are completely equal., Furthermore, recombination lcsses of the
ionized species (and neutral atoms) is increased in a high pressure relaase.

Propellant-type constant pressure releases have been shown to have potentially greater
fonization efficiency than detcnation systems. Optimum propsllant systems contain con-

tauinants of low iouization potential in flame product gases of maximum thermodynamic

stability. The Cs doped carbon monoxide-nitrogen carrier provides an optimum for chemical
reaction. 8olid propellant formulations yielding such optimum products are suggested in
the above-mentioned AFCRL Report No, 229. '

The disadvantsge inherent in constant pressure (propellant-typs) releases of having a
long, narrow trail of relatively dilute plasma may be overcoms by using a cluster of

noszles, or a large number of nozzles wounted on & spherical container (hedgehop bomb).
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Since the recoabination equations relating to a noixle-type, steady-state relsase sre well
astabliished yield predictions and correlations between experimants are much easier aad
better reproducibility may be ensured.
8. Iaitisl Bxpension

Although sn accurste svaluation of the inftial stages of an explosioa is very compli-

cated, simplified models may be set up to approximate the expectsd yield of chemical
species (primerily electrons) which survive the recombination during expansion.

In an earlier report an elemsntary model was assumed in which the plasms ball obtained
in the detonation expanded with a constant velocity and with uniform density, and there was
no additional ionization at t > 0.

In a more sophisticated model (cf. AFCRL 202, "Chemical Release Studics V: Recombina-
tion During Radial Free Expansion of a Plasma Sphere” by D. Golomb and A. W. Berger), the
time dependence of ths expansion rate, density and reaction rate {s included.

Correlation of the calculated number of electrons quenched in the cloud after expansion
vith ground observations indicates that the models are & useful approximation. PFurthermors,
the models suggest the following important conclusione:

i. The final degree of fonization in the expanded cloud is & direct function of
initial energy and an inverse function of initial radius.

2. The initial expanded cloud distribution {neglecting turbulence) is non~homogensous.
The electron density is cxpected to decrease monotonically from ths center point to the
outer boundary.

3. The final degree of fonization is inversely proportional to the average specific
heat ratio of ths axpanding gas.

C. Special Releases
1, The Aluminum-Barium Nitrate Reaction and the "Ind{a" Release

The failure to observe elementary barium in the "Yudia" release may be traced to a
lower temperature than reported for soms of the "Pirefly” releases (4500°k), and/or recom-
bination of the products during initisl expsnsicn. In Technical Raport No. AFCRL 229 we
have shown that i{f thermodynamic equilibrium is msintained up to s tempsrature drop to
3000°K, then practically all of the elementary barium is recowbined to Ba0.

Two approaches may be used to improve the barium releases. First, reductsats such
as carbon, germanium or zirconium yielding oxides of higher tharmedynamic stability msy bs
employed instead of aluminum. $acond, low pressure (trail) relassas will quench Ba recom-
bination at higher temperatures, thus increasing the atomic berium yield.
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2, Melesases of My, OCL,7¥;, Noly, n-Cil, o and S¥¢

The amount of 1iquid veperised in the relessas of the above chemicals was calculated

with the aid of a simple equilibrium model.

Datails are given in a Technical Mewo

GCA 61~2-AMM. Kere we attach only the final results (Table 1), Within the limitatious

of the caleulations, the relesses all appesr feasible.

TABLE 1

FLASH VAPORIZATION

Initiasl Stat

—Vaporized

Tf Pe Temp Pressure
Substance |Pinal State ] = Hg { ° psia 3 1bs/cu £t | Remarks
“3 Triple point [-77.8 45 50 295 50.7 17.8
25 145 44.9 16.9
cclzrz 1iquid =100 5 100 520 79.9 44 .8
25 95 50.3 41.1
LN triple point 0 3 25 0.28 30.9 19.5 single step
2 expansion
corraction
estimated fr
WH3 data
n~CyHy6 liquid -50 - 100 20 71.9 27.9 single step
expansion
25 0.7 26.4 11.2 uncorrected
”6 rtriplc point |-50 1700 100 1500 100.0 100.0 critical tem-
pcut:ur:
25 360 73.3 | 68.8 45.5%




3. MATERMATICAL MODELS FOR CEEMICAL RELEASE STUDIRS

A. General

In the systematic analysis of chemical releases an ares of prime importance is the
generation and proper utilization of appropriate theorstical models to compare to the
experimsntal data. The various physical and chemical processes involved are numerous;
in addition the situation ia further complicated by the interdependence of the many
processes which in turn depend upon ill-defined or poerly known paramsters. For example,
the procecses of generation of electrons can include thermochemical, photoionizatiom,
shock phenomena and photodetachment. Electron decay processes involve recombination,
electron attachment and ion-electron kinetics among others. Further, these many pro-
cesses are intimately related and vary in a complex manner and degree with such parameters
as altitude of release, ambient or contaminant temperature, available solar flux, atmos-
pharic composition, etc. This interplay of processes is further complicated by dynamic
phenomena such as diffusion, shear and atmospheric turbulence which continually alter
the problem with tims. Chemical production of the contaminant (alkali metals for this
study), the method of ejection and subsequent chsmical consumption of contaminant by the
active smbient specias introduce other problems, Finally, the very practical considera-
tion of engineering and cloud detection methods involve problems of still'another nature.

The concentration field of the cloud, produced by the released contaminant can be used
to measure rates, provided one knows the initial and boundary conditions which are

associated with the continuity equations of the concentration fields of both the contamin-

ant and sny atmospheric reactant. The continuity equation for a particular substance can
be viewed as a specification of the physico-chemical processes, assumed to be in actionm,
controlling the time rate of change of density of the particular substsnce whereas the

iritial ané¢ boundary conditions assumed for the substance specify the comstraints on the

PR S

concentration field. In short, these specifications of continuity equacion and i{nitial

and boundary conditions specify a model for the artificial cloud. Additionally, for each
plsusible artificisl cloud model one can asgociate the experimentzl data with the parame-
ters of the wmodel.

The objective of the current effort is to generste a number of such models for a simgie

substance (AFCRL-222) and twe substances (AFCRL-223) and to derive the concentration field
equation for each propossid model.
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1. Single Substaace

Tor the singla substance treatment the most complicated model investigated (with
respect to the chemi-physical processes assumsd to be in action) is characterized by the
partial differential equation (1):

.g.%.nvzn-dnz+Pn+r@.c) t>0 (L

where the characteristic physicsl or chemical processes associated with the various terme
of Equation (1) are respectively: (s) diffusion, szn; (b) recombination, > nz;
(c) linear growth (or decay), ﬁ n; and (d) some srbitrary generation (or decay) process
at point R in space tor t 2 0, F(R,t).

Equation (1) defines the continuity equation of a concentration field, n = n(R,t),
generated by the instantaneous release of an smount N(0) of a single substance into all

space, at the instant t = 0, with the initial density distribution

n(x,y,2,0) = n(R,0) « £(x,y,z) = £(R) (2)

o0
n(QO) = [{{ n(x',y',z',0) dx' dy' dz' 3)
—s0

Yor the case of two substances (coupled and/or mutually couplad) an analagous

vhere

2, Two Substances

treatment has been generated with appropriate mathematical compromises in view of the more
complex physical situation. The details are treated extensively in AFCRL~222 and AFCRL-223
and will not even be sketched out here. Rather for completeness here is included the
Table of Contents and Summarios as they appsar in these two reports. These are self-
explanatory and serve well to indicate the bresdth and scope of the theoretical development
of models thus far accomplished.

It ie noted that the saveral entriss in the Tables and Summaries below atain
their respective equation and page designations as they appear in the original documents.

This was done to afford a ready, sccurate refaerance for the interested reader.
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Report No. AFCRL 222 entitled "Chemical Relesase Studies I:

The following is the Table of Contents as reproduced frem the Technicel

tion Field Equations of a Siugle Substance With an Initial Arbitrary Configuration

in Free Spacs" by H.K. Brown, F.F. Marmo and J. Pressman. It provides in a uniform

manner the scope, of the work, the diversity of the problems plus the various models

and their boundary conditions which were considered.

Ssction

1.

2.

TANLE OF CONTENTS
Title

INTRODUCTION. o ovovsvccccerssocsccsaceacsasvonncencosssocesnsensscosssses

CHAPTIR I
CONCENTRATION FIELDS: RECOMBINATION WITHOUT DIFFUSION......cevccvecsee
Simple RecOMDINBELON. . ccueesircerserronssacscassonscsaconsssossncssnsonse

Simple Recombination with a Constant Generation Rate at Each Point of

the Cloud..cseeecreococrsesrostosssnssatssesossssocsavssnssvessesssssves

Simple Recombination with Linear Growth.,....c.ccvveveovsoscsscsvcssses

Simple Recombination with an Exponentially Decaying Source at Each
Point of the Cloud......eceesrveescsssccsscocssssocsssvassscavesosnscss

a. Riccati's equation and the Bessel function solution.......covseeese

b, Asymptotic fOrmulas..c.cvvcsvssccscosvssvssosssssssosssssscorsncres

CHAPTER 11
CONCENTRATION PIELDS: DIFFUSION WITHOUT RECOMBIMATION......ccoceovssvee
PRELIMINARY REMARKS . i occcoscacacroosscavossoessvoonssossascesssssnosacos
Piffusion with LineAr Growth.....ccccevveoverscccssosecsccscssssssnnss
8., Arbitrary free space cloud model...ccsvvscessecoscosscnssccrnssnesse
b. Spherically symmetric cloud models.......cevcevevcnvvescsncsencanse
c. Axially symmetric cloud models...c.vevecocessesrsscscncensacesscnse
d. Cylindrically symmetric cloud model®....c.eeveeseesacssscecrcassscns

Diffusion, Linesr Growth, and &an Arbitrary Gensration Rate at Zach
Point of the Cloud.u..n...-.-...-....u.-.......--.......n.u.......

Emwple 1: F(R,t) = 3'%» £(r) = n(0,0)exp(~ -‘lz-i), - Mz.....

Emwple 2: F(R,t) = § 0 et £(r) = n(o.o)..:i. '_zi). r2eliylial,,,
4
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Time Variation Concentra-
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21
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24
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The follewing Swamery is taken from Technical Repert Ne, AFCRL 222 eatitled
"Chemical Release Studies I: Time Variation Conceatration Field Equations of a Single Sub-
stanee With an Initial Arkitrary Coanfiguraiion in Free Space" by N. K. Brewn, F. F. Marmw,

and J. Pressman. The format and equations are retained for quick reference and are repre-

ducod as they appear in the original document.

CHAPIER 1
CONCENTRATION FIELDS: RECOMBINATION WITROUT DIFFUSION

seceion 1

%!.;. = n(R,0):€(R) | a2)
L n(R,%) .‘_;_5.%5){_(;) as)
Section ?

%;-:_- = —oln* ¥ ¥0, n(R,0)= £(R) as)
N n(Rx)= [E‘%’ThTu‘{I(dlny'}T Y ,u] ji2q o

n(R,x): {—‘-‘;“-‘l]mw[t oen) e (‘.A"/;] 3
vhare

o e[

ssction 3

%—2:—0(\'\"+Ph n(R,0): € (R) (2%
e -
Seceton &

T e - oV, s (-b2) n(ROY:=4(R) @
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l,;
‘. n(Rx)= [%!‘-‘] sp(-4 %) f{ﬁ )
. 3
where

¥ =LK, O3) +T, A ()
YT KR -I, ARk, (X)
¥,: TAOK QA3)-I,(A3) K, (1)
Y= T QYK (AT, (A3) K, (1)

(43)

where

o
/*=+(R)['§2‘VT.] Y= sy (-4 b%) 7"‘)\3["”‘“"]"1 “3)
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CEAPTRR II
CONCENTYRATION FIELDS: DIFFUSION WITHOUT RECOMBINATION

Sastien 3
(a) Arhitriry free space clowd models
gi‘ ==DV*n+ pn n(R,0)= £(K) 0
7 )
. - v £(x
Yo e [y
O3 4 (Y- Y4 (3-2)" | g dot dat
g‘.[_ %;‘L ]dx dy' 42
(b) Spherically symmetric cloud medels
MDY .
TRl W) Pn
(1) Delta Gaussisn rslease
5b(1) g!t E (79)
(2) Standard Gaussien release
5b(2) (81)
n(r,1)= n(0,0) »\ocpx) ;,cf (- )
vhere
AN} - (82)
N(ro)= £(r)= n(0,0) s (-- ) {
3) Arbitrary relsase 4
n(rs). HeB) r[n t]“‘ [ 34 SA () (- ",,;i ) 43 o0
5b(3)
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n(vo)= £(vr)

(¢) Axially symmetrie cloud models

. LR n
BN rbr(\'ar) pn

(1) Delts Gaussian release
L - 100
5¢(1) n(rz) . %r%lu‘.( q)z) (100)

(2) Standard Gaussian release

5e(2) n(v1)=n(o, o)nf(px) ”r(* ) (102)

vhere
\"." Ky v 4K

n(%0)= n(o,0) s (- {':)

(3) Arbitrary release

(107)
1 8
5¢(3) h(r'l) ’_‘L_E__/s f(g)Io (ZDI) ”’i’( ‘%‘})d}
vhere
n(ro) = £(r
(d) Crlindrically symmetric cloud models
3 _ P 3 a*n
“ v ar“ )+) ‘*P
(1) Delta Gaussian release {n the finite interval
-b<2<hH
N e (BX oy
4 n(nyx)= (T‘-“—i—"-L—LM) sy (- Dr ) Q1) (140)
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(2) Standard Gaussiam release in the finite interval
5a(2) h(%,2,1) = n(0,0,0) 8 ( Pt) Q(% 1) (43
vhere Q(x,t) is defined by (132) and (133) and where
T; * rS+4PL (82)
and
n(52,0)= n(0,0,0) sip (- —‘) Iz1<b
=0 RTIPY ) (144)

N@ : 2 b n(0,0,0)
{d) Cylindrically symmstric cloud models

(3) Arbitrary release

o8 ) (149)
et n/r, 2, %)« s9p (px) [ 2M 3 f(g;)%/xp(r,a,g)g,:)aj
-
vhere \ —s R
Y +
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and where
h(r2,0%): ¢ (n2)

o
33" P¥*n+ Ph +F(R 1) asy

. N(R3) [T(!u%%% _[£ [ s (- 72 yav

0 (168)

* -BA J'v ) Rt '

where '
Rz (%-x'Y + (4-4)* +(z-2')’
R= Ri(xy,2) R'=R': (s 42"
and where
h(R,0) = €£(R)
Example 1:
F(R2)=¥n, £(r)=n(0,0) s (- —r:-:) P X e ytee?
s n(r,x)= n(0,0) s (1) .Ez: st (- -é:) “ l;° [m(ﬁt)-l] an
%
vhere

"{' £ Y:"b $Yr
Example 2: ‘,_1. e
FRD: 0, mp(-b1)  €(=nOOIMp(-1a)  Fexoysz

3 ' X
n(rx) = n(o,0)s4p (p1) = M (- 7:.)

53 (176)
6(2) .
+ —‘%E—‘fb(ﬂ [1-s4p(- }m)t]

AR AT Y -
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Example 3¢ P(R,t) = F(t), £(R) arbitrery

- X
6(3) (R, )=s2p (L) vV (RX)+s4p (p2) / sp(~pR) F(V)4Y
vhere ] —_‘—_ oD . Rl. ‘
VD [2(nprys]? !ﬁ/ FRI % (- ) o
R = (x=x)*+ (t&~t")7‘+(2-2‘)"
R=R:(x4,2) R'=:RU(x, 42"




where

and where

Section 8

vhere

and where
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CHAPTER IXI
CONCENTRATION FIELDS WITH BOTH DIFFUSION AXD RECOMBIMATYON

:: PV h- an? n(R,0)= €(R)
~ R,x)
(R ¥ y(Rx) - |+«:(». o

od
! [} _____js:__ L}
u(k,ﬂ:m ./4/\7(&)’#( T )dv

§-¥= PViy - ot (R)y” (%)= €(R)
ot (R, x)=[|-¢(k )] ol

'y ) 4 v
PR | +elX A (= Vu)
3% - PVn-antepn n(R,0)= £(R)
a ) )
DR 4 (R3) = _ Py (B1) u(R %)

B+ [qr(px) V| ot an(R 2)

oD
3 Y a0 (= —REN\ 4y
R T !Z/mwr( Ta-) 4y
§¥,= 'pvz,*_ °‘<‘.‘)%1*F‘t W(R,O)’ f(R)

o (R 1) = [1- (R x)]ot

9 (x,2)- ?ﬁﬂ%;%f)( u-Pu

(203)

(217)

(209)

(213)

(222)

(229)

(237¢)

(230)

(213)

(240)

et et . s e - <




g.;. :PVn-unt+ F(R L) n(R,0)=€ (%’

). n(Rx) ¥ Y (R,x) = m!f(v%?)

vhere
(R x)= v'(R Z) + " (R X)

: L (7 sap (- -E2 YOV

x
" - 47 ' s
N (R.t)-[m [//[H'O(IV (R 'f)] F(R 'Y)
and where ’ff’( "‘V(X Y))dv
%%,yvz.&_u(k,x)wéfh(k,ﬂ F(R,1)
o (Rx) = [1- (R 1)]

.Yz AU A
¢(R) I+t v (R %) prey )

1TV (R ) T2
h(“ 2): [ 4ol XA (R X)

and

Section 10

a—f 2. Pyin- -otn*+ pn + F(R %) n(R,0)= £(R)

P sip (B*) 2 (RX)
p+ [ur(px)~§:< Z(R%)

10. n(k,t)‘z"t*(k’t)e

vhere

z(Rt)r (R I)+i“(k t)

G [z(wvﬂr)"t R2(wyr)¥)? // f R s (- wr)“’

(240)

(243)

(256)

(239)

(260)

(247)
(213)
(251)

(234)

(262)

(264)

(273)
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2(R,1)= l :v [ /7 S (R Y)Y(RR X Y)Y )

?(K,R‘,I,'Y) = [7-(1‘?(* ﬂ)‘h]’ W( tﬂr'p(t.'v())
10679+ 35 e prpred (po-) 20 FRD)

g_;&,'pvl%_dck.r) .01_,, P(a +h(R’t) F(R.K) (263)
«(RE) = [1- 4 (R,1)]o @13

PR zy]\-ﬁ(jx)] (Gz?%)

B[ (po-1] oz (RY)

[ Bt (O] w2 (R3) T2
w5 [p+ s4p (pRy-1] 2 (R,x)]

(267)

and
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The Susmary taken from Technical Report No. AFCRL 223 entitled “Chemisal Relcasa
Studies IX: Coupled Time Varying Concentration Field Equations of Two Subatances With
Initial Arbitrary Configurations in Free Space" by H. K. Brown, F. F. Marme, and J. Pressman

is as follows.

CHAPTRR 1

CLOUD MODELS WITH DIFFUSION BUT NO RECOMBIRATION:
IDENTICAL DIFFUSION COEFFICIENTS FOR BDOTH SUBSTANCES

Section 1
oh, 2
@ T PV, ~kn, 1, (R,0)= £, (R)
(1)
) g-;-‘-‘ =Pvin, +hn, n, (R,0)=0

@ N, (Rx)= sy (-kr)V (R )

1. (11)

® 0, R0 =[1-sp M)V R )

vwhere U(R,t) is defined as the solution of the boundary value problem

(0 g;’ YU U(R,0)= €, (R) 2)

or by the integral formula

® uRD= [ Ff £ (R Y (R, R, T) &V

vhere y(R,R',t) is & unit source function in a form corresponding to the symmetry of tl(l.);

otherwise it is defined as

‘V("""»"‘[(“yt)n]=”f( o) ST
vhere

R s (x4 (o)t + (o)t
and

R‘R:(x,%’l) R‘!R':(x'.%‘)zl)




[ ey

Sestiocs 2

(o)

o)

%“.; > Pvin, - ko, n, (,0) = £, (R)
o Y k ) =0
3% 2PV N+ RN, N, (K‘Q

@ N (R2)=sdp -k x)U(R 1)
® N (RE)= {;‘i [\-uf(-k,t)] U(R,X)

where U(R,t) is defined by equation (12b).




tion 3
on
@ T PVin+ F(RZ)

3. n(&ﬂ:/jy /f F(R-)-,,W(R,a',x,v) V'

vhere ¥(R,R',t,7) 1s a unit source function in s form corresponding to the symmetry of

P(R,t); otherwise it 1is defined as

, !
Y (RR %)= G Ja s (- w)(t—'f))
vhere
DY KR RERH)
and
RM= (x4 (goyd + (2-2)
gastion
) =D, vin,- ki, n, (8,0)= £, (R)
BI
® %";, =P, V'n, +k.h, nu (8,0) = £, ()

@ n (R = s (R )Y (R T)

o0
®» h(RD)=U, (RE)+ R, / Iv / [[ n,(a‘;v)\y,_(a,k',x,v)dv‘

(26)

(32)

(30)

(51)

(52)

S




where U, (R,t) is defined as the solutiln of the boundary valus problem
VR ‘
(o) %i < ‘Pi V"U‘; UL' (R'O) = -f‘.‘ (R) As ‘. 1’
or by the integral formula
0
® Y, (Rx)= {(f‘ﬁ' (RYY; (R R, x) 4V (52)
-0

and where vt(t,l',t) i{s a unit source function in a form corresponding to the symmstry of
£4(R); otherwise it is defined as

) | R
- (R R X))z ——er, - — X >0 (52)
'V..( [} ) [1(’“);7&)"‘]3 "'l’ ( q);ﬁ)
furthermore, vz(l,l'.t,-r) is a unit source function which is defined by the formula
v, (R REVT G RRE-T) R o>
Section S(a)
on vt
@ F=V'n- k,n, N, (50=1,(0,0) s (- 1)
(52)
(®) a“" "'D,_V"h '&* n n],(rlo) =0
vhere rz _,‘2 + ’2 + 22 and the Laplacun vzn is :ln the spherically sysmmetric form:
1n- L 3
ARG
@ N, (Y‘,I)= "f\o(‘k.x) U‘ CV,I) (55)
Sa. b 4
® N, (nx): Bh.f’/f -k v, (v, 3) 47 (69)
(]
where |

@ Y, (r,1)=n, (90) r‘“'( )
% (s3)

®) Vt‘ = r, +‘4).T




and vhere

@ U, (r,9)=n,(o0) ﬁm(--‘:)
\ b , \,: YG’

® e UV (E,T) “
o f« TED v Birm x>
[ [
Section 5(b)
(® %%' =PV, - kyn, n,(r,0) = £,(v)
© Wy vin,akin N, (50) = £,(0)

vhere the Laplacian vzn is in spherically symmetric form and the ft(r) are sphericslly

symmatric.

@ N,(6%)= sy (- k2) Y (1)

5b. a2

'Y
® N (XYY, (R +k, [ w(—kﬁ)w/;:r TG (3,5D88

vhere

@ Y (r,t)=/ﬂ(§)w,-(vs HUTE 43 Azl 2,

@ D) [wm]'h () q)‘ o) @
@Y (53 X7) = v (53, %-7) x>
Ssction 6(s)
) %%‘ =3, v*n -kin, n,(ro)=n, (o,o)qr(--g)
® ?a%’ 7.0, +h 0, N, (r,0)+0 ”
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where ri = xz + yz and the Laplacian ¥°n 1s in the axially symmetric form

| 9 oh
in- Y v (v -a-;)
@ n,(r1)= s k1)U (51) an
(T8
x
() h‘(V.I)JM/Hr('*.'Y) v (v, $)4% (86)
vhere
\,.ol. y.'L
® Y, (1) = h,(0,0) =% s (- -\-;,)
%, 3, an
(v By, = G +4} %
and where
v, rr
(*) U. (Y) 3= n, (O)O) "—o'a. ’f‘f <- -—t)
% o
® Yo=Y +uv(XY) ®3)
(%) L.
(c) = Y4+ — (LY x>
3, Tty ¢
Section 6(b)
® o _ 3, v‘n,-k.r\. n, (v,0)=%£(¥)
X o
S RN TN CORG

vhere the Laplacian vzn is in axially sysmetric form and the f,(r) are sxially symmstric.

@ N, (nx)= s R U, (1K)

6b. 88)

» ¢
® N (nt)=U, (qx)+k, /’:‘o(-kﬁ) d'v/zﬂ LIAER/ (3 9.5, 71

4028




where

o0
@ U h)s / £y, (3 1) 2w E 4y

® Y (r¥1)- W)tl (mt),ﬁo( ‘W : K
© WMz ¢, (3, 1Y) S 344 4
Section 7(s)
@ 2. vin-kn, n, (r,2,0) = £ ()
B3 -
® SR Vnhn, M (52,0) £, (5 2)

vhere the Laplacian vzn is in the cylindrically symmetric form

)h a*
2 2 ——
Vn \»ar( * 33

and the f,(r,z) are axially symmetric.

s Xyt

@ N3 E)= st RV (h 1)

y
® N(62E): U (6204 A, fw(—i.'\') U (53, 4Y
where

00 oP
©  Unat):- msds/ﬁ(i,'))%(m,i,q,ﬂd')

®) W ( ) )g ‘J)I) [(“v I)“‘ 3 ‘ ZP >M(2’ ;)”f( f;fi)

© . TED 4 By my x>y
RS

"




() a;" =P, Vo, - k0,

= 1,(0,0,0) #4¢ (--\E,) jel< b

n,(r29) 1217 b

(b)
where the Laplacian vzn is in cylindrically symsetric form.

@ 0,(r2 %)=~k Y, (2 %)

v,

X
® N, (\",i,r)* ‘kt/’ﬂ'("j‘n\') U (he, 14y

vhere

@  Yypt):= Rdn1)Q, (%)

Q

® ?(rt)n(ooo) ur(’—) 4

=lz[~€( bu) "G(T{ﬂm) 121<b
g 1265"3 ""‘(lbx]"‘\ >

AT R
. . T3y % (p-ry- X
) 3__%:_) ve 2 -3

? 9. X

@

In particular,

() U (ne,$) = "(V?)Q(i,?)
®  B(r,$):n(000) p"r( r)

| =[5 () + )] i) < b
| () . [ ur'h
| 9.(,%) [% ( Hb:) "") zv"‘)] RI>b

v -

(102)

(93)

(129)

(122b)

(126)




<

Becticn §
n
() 3;' =D, V'n,-k,n, n,(R,0)= £ (®) (26)
®) Qa% * 9, Vo« ko0, h. (%,0): 0 (28)

wvhere the Laplacian vzn is in the generalized form

Vin:=V:9n

@ 0, (R,X) = (-k,¥) U, (R,X)

(29)

x
® N.@&0= k(RO (RS &Y

where Ul(l,t) is defined ap the solution af -the boundary valus problem
PO - 4_1‘«". .1 N
o0,
W
ok

otherwise, it is defined by the integral formula

2%, RO = £ (R (36)

od
UERD: ([ ERIW (RRD AV
-oD ‘

where ¥, (R,R',t) is sn appropriate unit source function corresponding to the symmetry
1

of fl(l). ‘ ‘ ' L . y
The variable { 1is dettaed a8 IR
vrY) . ¥ P
z 2 =2 T += (Y R »
g -y. ?. _p‘ ( ; ) (133)
An alternate d;finitim of Ul(l,;) is ‘
0 B
U (R (U RO Y, (R R L 1YY a3
~o0
where | R"
¥, (R, R, X,¥)= -
t( > ) ) [1 (TT?,, ( t_Y))hJB w( q'yl (-t_av))
with

K= (o) v (Y-t + (-2




Saction 9

(a)

()

@ 0,(R0=€(R)- v;(&)[l-

® Ny (R%): Vt("){_‘- I+ ¥+(1+

vhere

(2)

(b)

on,

L

oF

i!!!!'t.-'ﬂl‘\:‘*A'EV\‘

) 3

CHAPTER IIX

=ons - ki, n, (R,0)= 4, (R

243y

n,(R,0)=0

240y

¥+ (W) sgp( .(z\—f—?‘l x)]

L/ @

Vv, (R)= 2—:; [(;H YRet f, (ro)"‘- k]

Note that V,(R) is the steady state value of n,(R,t)

L 0 (RD =V, (R
15T

ey

T>WM

(137)

(157)

(156)




CRAPTER IV

CLOUD MODELS WITH DIFFUSION, PSEUDO-NON-LINEAR PROCESSES,
AVD LINEAR PROCESSES

Section 10

(» o PYh, + ¥n,-kn, n, (R,0)= £ (R)
o% ' :
(162)
() ?’: 2PVEN, ¥4 ke, n, (8,0)-0
@ 0 (RT)= [ 7y Y "P(’('*")‘)] U(R,*) (174)
10.
®» N, (RK)~ {ﬂ 4 L ‘"’f (" (I-rh)l)J u(%,%) ars)
vhere U(R,t) is the solution of the becundary value problem
) -:—;-! =PV U(R,0)=€ (®) (165)
and is defined by the integral formula
Y '
() U(R,t)= ,ﬂ! £(R) ‘V(k)&',*) dv (166)
-o0

where y(R,R',t) 1is a unit source function expressed in a form corresponding to the symmsatry

of f(R); otherwise, it is defined as

(166)

Y (R,R %)= Y.( ~PI)vﬂs s (- ‘Wr

where

RE= (%) + (g-y' )+ (2-2)

and R>R! (""ﬁ»‘) R = R : (X, .*‘,}_\)




Sestion 11(p)

w 2. yin -k, n, (8,0)= £,(®
‘I (163)
®) %2'; 2 AvAl R R k.n, N, (R,0)=0
@ 0 (R5) =34 ROV, (RT)
11a. ase)

T
®» n..(k,r>=h,»r(-r,1)/ {6~V Y (R, Y

vhere .5 - Q‘(I,_L’) =Y 4 L (t"q’)

and wvhere Ul(l.t) is defined either as the solution of the boundary value problem
My, ¢ £,(®)
-——:‘v‘v U. \)'(R'O)t ‘(R
oX

or by the integral formula

U, (R,x)= f ff £, (Y, (R,R 1) AV

where y(R,R',t) 'is a unit source function expressed in a form corresponding to the

symmatry of fl(l); otherwise, it is defined as
W (R D) ———— (- 2
AT {z (.“».l)'h'r 4P, x

where

R¥ = (x-xt)*+ (trug')‘ +(2-2)"

Saction 11(b)

(a) %\;“' = ?V"ﬂ.— kI“ n (R,O) € {I(R)
® %‘;‘: - PV, - %0+ ko, n.(R,0):=0




@ h (R,I)‘ » (’*.t) Y (R)x)

% 11b.
|8

® nh (R1):
b‘,'

[rEAD-se 00 v k1)

where Uy(R,t) 1o defined as in Section 11(b).
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CHAPTER V

CLOUD MODELS GEWERATED BY TEE COUPFLED ACTION OR DIFFUSION

AND OF NMON-LINEAR AND LINEAR PROCRSSES
Section 12
o,

() 3;' ® ?V‘ n, +ol n: -h“. “l(R,o)’ f. ®

® M Pgrn —uhlahn,

n\. (R ,O) =0
)4

@ N (RI):URT) -n, (R1)
2. o URED= ([ £(R) ¢(R,R %) 4V’
1

c - . , J m(-kx) E(R,x)
@ M(RR)F g (Rx) &,,[\-,,f(.“)]«:(&t)

where y(R,t) is the solution of the problem

@ Hyvry-alnng-kyrhRDRVEED

(v)

r 3 *
JCOME sywyers w*em]
%(&3)={1- QCR.’)]"‘

(c

A4

where

2y Dwlhn)-1] ARAY
@ ‘Q(R'ﬂ-kwau(k;t) S«'ﬂ\‘(%h)( v* )

in particular

@ 2R [k} U(R D

R NG v R
®  YRx): h+ 4ot URK) Snb™ (3 41)

(204) i

(207)

(212)

(225)

(226) ?

(224)



furthermore, = = x(R,t) satisfies the boundary valus problem conditiems

22 vz +hoe (AOUR D 2(r,0): 0 222)
- YViz+ ’ff( (R,x »

When fl(l) is spherically symmetric Gaussian

S
ﬂ(R) e N, C0,0) w (_ {_; rl » Xte \"-} a2t
then
U(R,T) = h,(0,0) ~= ”f(" z)

wvith

LS A Y pr
The corresponding values of y(R,t) ¥ ny(R,t), ¢(r,t) and h(r,t) are found by using this

function of U(R,t) in formulas for y(R,t), #(R,t) and h(R,t), respectively.

Section 13
(2) gr_\._ =P, Vin - "s LN n, ()= £(0
(234)
® g...‘;“ =P, V0, -0, s +h,h, n. (R,0)= €, (R)
@ n (R )= sy (kX)) U (R, T) @36)
o
B ® Y RE)= f{ [ £, YRR, D) 4V 3%
e ()
© Ny(Rx) ¥ (t(R %)= H-e( X vRD (239)
wvhers y(R,t) is the solution of the boundary value problem
@ ?ﬁ « %,V g (REI9 4 ky sy CREIU (RE) W(R D
wvhere
(b) o (R,F)= [_‘ -@ (K,t)] oly (240)
2.9;1' V“’oaﬁr
© QD= 1+ol, X v (R )
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@  h(Rx): [ LR ]1

14 oly r'\r(k,t) (241)
; and vhere
©  RE)- / [{ f £,(R) Wz. (R R 1) dV" - |
(£) «r"(* t)- l f ,"(.. .‘Y)J’Y f] (‘ ""‘zY 'V"(R"Y)) (265)
where it * U (R‘ ‘Y) ‘V..(R R')r)“’)AV‘ '

® A (RX)= (R X) 4 ar (R %)

2 A P ® a0
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4. OPTICAL PROPERTIES OF CHEMICAL RELEASES

The value of an understanding of the optical behavior of planned experiments
has besn discussed in previous reports. This phase represents a continuing effort for
the understanding of the ssveral pertinent areas including resonance, chemiluminescence
and particulate scattering. Soms aspects of the case of resonance scattering have been
treated previously. However, in this quarter additional input to resonance scattering
has been generated and is given below along with brief references to some previously
reported materizl. The latter is included for continuity and completeness. In addi-
tion, chemiluminescence studies have been initiated; the current status of this effort
is indicated in this section. The cases of resonance scattering and chemiluminescance
are discussed in turn, The case of particulate scattering is left as a future effort.
A. Resonarce Scattering

Optical properties of resonance clouds with diffusion has been discussed in some
detail in AFCRL 207; therefore, no details are given here. However, Tables 2a
through 2d reproduced here from AFCRL 207 serve as & convenient condensation of the
technical area covered, The Tables fdentify the physical problems investigated, the
corresponding defining equatioas, the derived concentration functions, and the pertin-
ent solutions for the preceding cases. Tables 3a through 3d present a sunmary of the
techniques to employ for reducing and antlyzing the data. For an extended theoretical
treatment sse "Chemical Relesse Studies VII".

However, aside from theoretical approach, considerable parameterization was
accomplished in order to better appreciate some of the practical implications of the
theory as to proper experimental design related to the determination of geophysical
constant and/or practical utility in systems. Only a few examples of this type of
parameterization are included here.

1. Parameterization

Table 4 gives the valuas of the parameters used as well as the governing equations.
In Figs. 1 and 2 are plotted the variation of isophote distance with time. PFig. 3 shows
the time required for an isophote to reach its maximum size and to collapse to zero.
The graphs shown are computed for the specific case of the release of 0.5 mole sodium
and then represent the bshavior of the isophote corresponding to 8 = wu ltll/Clz.

Note that the"minimum size cloud" refers to the case when the initial contaminant



SUMMARY OF OPTICAL PROPERTIES

TABLE 2a. DEACRIPTION OF ilYBICAL PROBLEM

Type

Continuity Equation
Initial Release Function

Concentration Function n(r,t)
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SHBAXY OF OPTICAL PROPERTIES

TAME 2b. OPTICAL BENAVIOR OF ISOPNOTE

S = 8(d,t) a2
Number of Particles in Integrated Distance to Isophote Correspounding
Type Line of Sight To Sus(d,t) (Squared)
N N N
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SUMMRY OF OPTICAL FROPERTIES

TABLE 2c.
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Not suitable for total flux analysis
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SUMMARY OF PARANETER EVALUATION
TARLE 3c. RESOMANCE CLOUD TYPE III
k= F(ﬁ)ﬂlﬂ’sgt;’m[%%ﬁ—)-] ) <yl
E - ’-
ol 3 pS s P"-' ax; V=X, A=L,3,3,
oy § | B, |
A= 0‘1 U; \ A.‘-‘ Pz %, |
fd5 ,3 | Pb 63 |
oL, P. | o, P, 5
A;'— oy g; | AS.. °lx Pl %
vy By | ol Pa 4
JaY A A .
-y-_-A_. C:—.A_t N:W(-Z‘*g”v—g“qﬁ-st)

SUMMARY OF PARAMETER EVALUATION

TABLE 3d. RESONANCE CLOUD TYPEK IV

€= F(x)-9mpPsts %[w)l_] << 4Px

TP Scki
with E
o, = Iﬁ?f_;—:_t: i=1,2,3, k is the root of G(k)=0,
vhere

EEIS) [1esrp C51) t

G (h)'[[l—uf(-\t.)]]"t'* s-qfeh,)]]"""‘»- _x_:,‘)drd; ( 1, y.-e‘;

\ = ody _ 4TS X, s (1)

o
- N (1340 (- 2£) N= 1- 20 (-&1,)
b(% )*L{'[l-uf(-lto]] M
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TABLE

RESOMANCE CLOUDS

&

PARAMKTERS USKD IN ISOPROTR AMALYSIS

b D c mnél-;dstu o"rCIM
(km) (cm?/Sec) ¢ /sec) T, (cm) r, ( cm
60 1.8 x 10° 38 1.97 x 10° 4.0 x 10°
70 5.4 x 10° 2.51 .12 x 10° 6.7 x 10°
80 2.4 x 10 7.93 x 10~2 5.55 x 103 1.2 x 104
90 1.7 x 10° 2.50 x 1073 9.8 x 103 2.1 x 104

100 1.4 x 106 5,88 x 10°5 1.60 x 104 3.4 x 104
110 1.1 x 107 1.99 x 1076 2.78 x 10% 6.0 x 10*
120 5.5 x 10’ 7.92 x 1078 4.40 x 10" 9.5 x 10*
200 3.5 x 10° 8.46 x 10711 | 1.80 x 10° 3.9 x 105
300 2.3 x 1010 1.96 x 10712 | 3,37 x 10° 7.3 x 10°
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center~poist density equals the uaperturbed ambient density whereas reference to the

Yoverexpanded cloud” indicates that the initial contaminunt ceater-point lensity is taken
to be only ona-tenth of the ambient. In most instances, this range probably brackets the
existing physical situstion. In either case, the sensitivity to this parameter is indi-
cated,

The data displayed in Figures 1-3 illustrate the several uses of optical
observations on resonance clouds. For axample, these or related data can serve to yleld
information on chemical yield, ionization yield (using resonant ions), diffusion, megnetic
field alignment, chemical consumption ratss, and many others discussed in AFCRL 207 snd
A¥CRL 218.

An additional interesting use of these techniques {s in the employment of
ruona.nt clouds for the determination of diffusion mechanisms; the following method may
be employed. The payload could be doped with pndcnrﬁmd amounts of, say, two (or more)
chemicals of widely different masses (which also posses different opticsl resonance excita-
tion levels) and released under twilight conditions so as to generate detectable character-
istic solar resonance radiations., Then, proper optical observations on the differential
diffusion as related to the mass d{fferences could be correlated to the diffusion
mechanism, Yor example, in principle, it would be possible to compare the characteristic
“constant intensity contours" (or isophotes) growth rates for the various chemicals of
different macses and ascertain if any differences in the observed growths could be due
to molecular diffusion. Although no details are given here, reference is now made to a
specific example which has been investigated and reported in a note entitled "A Memo on
the Use of Resonant fracers for the Determination of Diffusion Mechanisms," GCA Technical
Memo No. 61-1-APM,

Al & o T =L :

The memo examined the release of a payload which contained one mole each of Na
and Li. It was assumed that both the chemical consumption rate and the solar resonance
efficiency of lithium was one order of magnitude greater than those of sodium. Tkree
release altitudes were considered; namely, 90, 110 and 200 km. Yor these cases, the time
behavior of the radius of a given fsophote (dz) vas investigated. These resuits are
given in Figures 4, 5 and 6, wvhich make evident the care that must be exercised in
experiments of this kind. For example, the critical importance of understanding the roles
of chemical consumption, solar resonance efficiency and diffusion is made evident in the

figures. Pinally, it should be noted that the resonance scattering work thus far deals
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only with the case of back-scatter. Generalisastion should be extended to the cases of
where the phase angle differs from 180°, PFurther a more emact treatment using radia-
tive transfer techniques should be parformed.
| B 11 scence
1. Introduction

Artificial chemfluminescent clouds, produced by releasing known amounts of
specific chemicals into the upper atmosphere, at prearranged heights, to react with an
atmospheric in euch a msnner as to yield luminescence has been employed as an atmos-
pheric probe. In addition to experiments performed according to the originsl suggestion
of a sodium chemiluminescence reaction with atomic oxygen other chemiluminescent ex-
periments have included the reaction of released nitric oxide with ambient atomic oxygen
and of released ethylens with ambient atomic nitrogen. These initial exploratory
experiments served to indicate the feasibility of successfully using the technique
(of chemiluminescent clouds) for atmospheric experiments and slso as an aid to under-
standing some current AF applied problems in missile trail technology. However, the
initial work also did serve to indicate severe gaps in the necessary ground work for
proper analysis of experiments of this design. Accordingly, some initial theoretical
effort has been directed toward alleviating this situation. The details of this phase
have been included in a recent AFCRL 201 Report entitled "Chemical Release Studies VI:
Optical Properties of Chemiluminescent Clouds for Two-Body Chemical Re:ctions Without
Diffusion”. Several models are given in which the simplified concentration fields are
presented; the continuity equations employed are limited to two-body chemical reactions.
The initfal conditions assumed are written in several terms of arbitrary initial release
geometries. The optical properties of these chemiluminescent cloud models are then
defined in terms of the density functions; these properties are (a) Foco(r,t), the
photon flux per unit volume, (b) B(d,t), the brightness per unit area along a line of
sight through the cloud, and (c) !.r(t). the total flux of the cloud. The model s
specified to be that arising from spherically symmetric intermediate Gaussian relesses
of the contaminant where the dilution of the contaminsnt, at the center-point of the
cloud, relative to the ambient density (),) is left general; and accordingly, the ratio
of the atmospheric reactant density to the ambient density (f,) is also left general.

Later the generality of the initial density of ihe contaminant and atmospheric
reactant is removed by assuming a symmetric Gaussian reulease; the formulas derived are

transferred over in detail with the specification that x = 1 and fx =1,

4051
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Another phase of the work desls with the chemiluminescent cloud models of finite
extent (in one dimension, at least) and a finite howogenscus sphere is discussed. Next
& spherical shell model with an unmixed core is discussed. Finally the properties of
a finite spherical cloud is investigated for which the initisl releases of contaminant
are linesr and parabolic, respectively. The details are not given in the present report
but the reader is given reference to AFCRL 201, However, it is appropriate here
to include cnly the base results of the work cited.

2. Results

Becsuse of the voluminous nature of the study only final results will be presented
in & condensed form. Definitions of terms not previously mentioned are relegated to
the glossary given at the end of this section,

a. Optical Properties of Chemiluminescent Clouds; General Considerations

(1) Photon Flux rcc(r,c) per Unit Volume

nc(r,o) - x(r,0) 2
Pcc(r,t) =k nc(r,o)x(r,o) P. (4)

P, nc(r.O)-p x(r,0)

(2) Brightness per Unit Area, B(d,t)
Along a line of sight L, a perpendicular distance r=d from the origin

r#o of the chemiluminescent cloud, one can compute the line integral

ob
B(d,t) = f ¥, (r,t)ds 6))

=ed
to obtain BsB(d,t), the chemiluminescent brightness per cmz, at the distance d, at

times t ¥ o.

In terms of tlie initial concentration functions nc(r,o) and x(r,o0)
and the chemical consumption and chemiluuinescent rate kcz and sz' respectively, at
the time t > o, the formula for the brightness, B=B(d,t) per cm? along L, takes the

imposing form

2
a0 =2 f\c(r.O)x(r.O) [nc(r.O)-x(r.O)] cxpt-kcz(nc(r.O)-x(r.O))t] r dr

[nc(r.o)-x(r,o)cxp(-kCz(nc(r.O)'X(r.o)):) ] 2 [r:’_dz]lh
)

(3) Total Flux, ’T(t)
The total photon flux, rr(:), from the luminesceat cloud is expressed

by the volume integral of rcc(r.t).




' 'r"’ - ‘ T (r, )W (¢))
—eld

or by the area integral of B(d,t).

rr(t) =2 / r B(r,t)dr ()]
(-2

Next are given the results of ewaluating the above for various physical cases.

b. Symmetric Intermediste Gaussian Release. Initial Center-Point Deasity of
the Contaminant Less thoa Ambient

(1) Photon Flux per Unit Volume, lcc(r.t)
The formula for the photon flux, !’cc(r.t). per unit volume (cn’).

for the present case takes the explicit form

he-ea- 2 o] 2exp [-k,_zn,(h-f,u- lmc]

Too(s0) =k, At ra-Am -
[ AE-£,(1- AR exp [ kg, 0 ( Ar-£,.Q1- 1!)):]]
(9

)

(2) Brightness per Unit Ares, B(d,t)

The formula for B(d,t) takes the explicit form

T 2
3d,t) = 2% Xf a2 E(1- AR) Y}(l*-fx)l-f;‘ oxii-kczn.c(l(uf‘)g-f')] cdr
P2 xs : —
] 4 [1l-f;(l-Xl)0!P(-kczn.t(l(l-b-fl)l-fz))] [, 3 ]
(19)
where
s ‘*P(-I:z/toZ).

c. Symmetric Gaussian Release: Initial Center-Point Density of the Contaminant
Equal to the Ambient Density

The 1 and fx factors of b, in dealing with an intermediste Gaussian release,
are nov made equal to unity, so that the initial concentration of the contaminant {s

defined as

nc(r,o) =n oxp(-rzlroz) (11)

(1) Photon Plux per Unit Volums, rcc(r.t)

(28-1) Zexp [-kc2n.(2l-1)t]

Pr-amem {-kczn‘(zl-l)gz

r, (r.t) = kpzn.zl(l-l) 12)

vhere

|
|
f
!



(2) Brightness par Unit Ares, B(d,t)

EQ1-E) (28-1)2exp k8, (28-D)¢
Bd,t) = 2I: n

[[l-(l-l)cxp{- e u.(ll-l)tﬂ-— rz_—i]—s @ .

d. Homogeneous Finite Sphers Release

The contaminant is now assumed to be uniformly distributed inside a spherical

region of radius r=k at the instant t=o, so that nc(t,o) = “c(°'°) =n, o%r&R. The

atmospheric reactant has the initial concentration x(r,o) = x(o,0) = xo - n.-no,o‘ r& R
vhere n_= Aa, o&d%1 so that x_ = (1-X)n,, when 0 ©1-A< 1. Thus, now for
the ho-ogamoun case the following apply.

(1) Photon Flux per Unit Volume, Foo(r,t)
exp [k, (zx-m]

2 2
Feo(rit) = kp 0 S A(-X)2A-1) - (14)
[1 ~4-A)exp ['kcz“a(z A-D) t]]
(2) Brightness per Unit Area, B(d,t)
expl-k.,n (2} -1)t
3 = 2 0 ha-D@d-n?al-d ez ) s s
[l - Ayexp [ -k n (21 -m]]
(3) Total Flux, Fp(t)
2
R =2Tr, (16)
e. Homogensous Spherical Shell Surrounding an Unmixed Ambient Spherical Core :

The two-body chemical reaction is confined to a spherical shell region
R=r =R +T, of wall thickness T; the inner spherical core region, of radius R,
i» impervious to the reaction.

Initially one has tho following concentration fields:

nc(r,o) -no-kn. ,R-ﬁr-"-n +T

x(r,0) = x =n, -n, = (1-2)n,

for the spherical shell region and

nc(r.o) =0 , o&kr<di

x(r,0) = n,

for the spherical core region.
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(1) Photon Flux per Unit Volume
In the spherical shell we have

2
'ec('nt) - k’z By %o [;:_:i%] | 4 ' (’-7)‘

where

P = p(z,t) = exp [-k‘:z(no.,o)g] ;

(2) Brightness per Uait Area, B(d,t)
Case (a) o6 d&p

BuB(d,t) m2 [[mr)z-e’ ]* - [nz-az] *] 7, (5)t) (18)

Case (b) RSAER+T
For case (b) the {sophote B m B(d,t) is defined by the formula

B =B(d,t) = 2 {(m.)z_dz]% ¥, (r,0) (19)

£f. Additional Models
There have bsen evaluated additional chemiluminescent clouds with different
configurations. These include a finite sphere with a linear decrease of the contaminant
and also the case of the parabolic initial distribution., These are given in "Chemicsl
Release Studies VI' and for purposes of brevity will not be given here.
3. Parameterization

The evaluation of the various models has proceeded to the point of calculating
the various kinds of brightness profiles and flux per unit volume. To indicate this,
soms selected graphs are included (Figs. 7-10). They are self-explanstory whan used in

conjunction with the text.
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GLOSSARY OF SYMBOLS mnniwnrnm)mmmm'

fxmbol Definition
* 3,8(d,¢t) brightness per unit area (cw?) along line of sight L, a distance red
from origin rw0, at time t > 0
d isophote distance, distance of line of sight L of brightness from origin
a(s,t) isophote distance
deno isophote distance at time tmd
) diffusion coefficient
¥ (t) totsl numbsr of contaminant molacules at time, t
£y x(r,0) / [n, - n(r,0)]
8 parsmetsr of length along line of sight, L
x component of 8 in x direction
xg, constant (x,- r,t)
ke kczlx.
kc2 two-body consumption rate of contaminant
“Pz two-body chemiluminescent rate
l’2 sz Xa 'c(o)
. n, nunber density of ambient molecules in undisturbed environment
a.(x,t) ;.o:c::sution or number density of molecules (atoms) of contaminant
- N.(v) total number of molecules of contaminant at time t 2 0
Ps P(r,t) exp [-ke, (n(r,0) - x(r,0)t]
Ptac0 exp ['kcz(“o = %3) tauo)
Peon exp [-ke, (g = xp) tamp]
u(r,t) number density of contaminant or reactant being consumed at r 20, t > 0

x(r,0) or x, initial concentration of reactant at t=0

x(r,t) concentration or number density of atmospheric reactant of spscies x
within the cloud at r 20 and t 2 0
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5. RF PROPAGATION STUDIKS

The usas of various RF equipments and experiments in the artificial electron
cloud program is well known and requires no repetition here. It suffices to state that
the several ionospheric sounders, back, forward (and side) scatter radar and comsnica-
tions experiments conducted during the Pirefly programs have served, in consort with the
optical messurements, as indicators of the degree of success of the individual shots with
respect to cloud position, AF cross section, electron density contours, total electron
content, etc. Most previouc theoratical models which hrve bean applied to the case of
RP propagation have tacitly assumed a constant total number of electrons as well as a
diffusion controlled model. It is therefore noteworthy that the initial math —atical
models indicated the need for additional sophistication and more realistic models for
day, night and twilight release conditions. The solutionz ¢i some of the general mathe-
matical models presented earlier in this report have been oriented toward the determina-
tion of the electron density (at the center point, any point and/or any shell) for
application to the RF problem, whereas other solutions have been directed for use in the
optical cases where the integrated path length is the usual parameter to be applied.

A. RE Preosgatioy Models

The simplost electromsgnetic model applied to the electron cloud is the reflective one;
this implies replacement of the cloud by a totally reflecting surface defined by the
critical radius at the RF vwclcngth.of interest. A more raalistic treatment should take
into account ths refractive effects for more forward geometrics by introducing thae
refrective bending of the incident energy from the underdense electron concentrations
lesding to greater values of cloud cross section and efficiency for preopagation directions
other than those from simple backscatter, It is felt that a natural extension of these
electromagnetic models lies in the direction of a treatment of the problem by the techni-
ques of geometric optics such that ray tracing should be applied. Befors any complex
analysis or indicated ray training can be employed, the requirement is for more realistic
¢loud medels as exemplified by Section 2. Thus, the next stage suggests itself in the
incorporation of geometric optics to the RP propagation case employing some of the models
in this report.

The results of the general day and night time models in terms of the center point

density normalised by the initial center point value are shown in Figures 11 through 14.
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Tables 5 and 6 indicate the parsmeters employed for the graphs. The "minimum" and "over-
expanded” clouds have been defined in the section on Optical Properties. Here, p {s the
attachment probably whare x is a psuedo recombination cosfficient utilized to replace the
non-linear o nz term, D, C and r, are diffusion coefficient, chemical consumption rate
and initislly Guassian half width, With this information the Tables and Graphs are
sufficiently labeled to be self-explanatory. The curves are of specific interest for the
RP characteristics since if a reasonable, meaningful value of the initial center concen-
tration, ng (0,0) is chosen, than the figures depict the variation of the center point
electron density fe (0,t) with time. If the tacit assumption s made that the critical
frequency of return is controlled by the center point density (since the spatial dimension
requirement is at most s few wavelengths), then these figures can similarly be interpreted
in terms of the C-3 results; i.e. critical frequency as a function of time for ths several
altitudes considered. It fs to be noted that since the only assumption which has been
wade has baen the assignment of a particular value to ng (0,0) and that the general forms
of the curves in Pigures 11 through 14 do not change when viewed in terms of critical
frequency ve. time. From the above figures one can obtain knowledge of both the Gaussian
half width, ro, and the time variation of tha total electron content, and can then calcu-
late the shell radius of any particular value of electron density and its time variation.
This in turn is aimply convertible into cloud cross section as a function of time. In
other words, from the data which have been generated from the general models, the time and
altitude variations of both critical frequency and cloud efficiency or cross section may
be obtained. BExtension of the prasent work will proceed in the indicated direction.
B. RF Applications

Having discussed the physical processes and models involved in the technology of
artificial elactron clouds it is of interest to summarize and review several aspects of
RF propagation applications to existing military systems. In general the RF systems to

which the artificially generated environment is most simply and naturally applied are in

the areas of comsunications, Before discussing the above individually it is worthwhile stating

several characteristics of the technology with respect to general military system interest.
At frequencies above the MUF of the naturally existing !'2 layer, communications, for
example, is limited by tropospheric (i.e. lov altitude, therefore restricted reange), iono-

spheric, meteor, etc. scatter systems ground to ground or by simple line-of-sight. The




TAMLE 5

PARMETERS USID IN CENTER-POINT EVALUATIONS
POR AX OVER-EXPANDED CLOUD

——— w—
m————— ———

fl

e o

DAY-TIME RELEASKS OF NEUTRALS

E' H_ —?ﬂ ¢ “.dAg“
(cm) (8sc-l)
1.10 x 4.0 x 103 38 2.0 x 1014
3.03 x 109 6.7 x 105 2.5 6 x 10-3 1.8 x 1013
1.32 x 104 1.2 x 104 8 x 10°2 .015 3.2 x 1012
9.40 x 10% 2.1 x 10% 3.1 x 10°3 .010 5.6 x 1011
7.80 x 10° 3.4 x 10% 7.1 x 107 s x 1073 1.3 x 101!
6.25 x 108 6.0 x 10% 6.5 x 10°% 7 x 1074 2.5 x 1010
3.16 x 107 9.5 x 10% 6.5 x 10~ 5 x 10”3 6.3 x 10°
2.04 x 10° 3.9 x 10° 6.5 x 1074 2 x 16”7 9.2 x 107
1.34 x 1010 7.3 x 105 6.5 x 10~4 2 x 10*8 1.4 x 107

NIGHT-TIME RELEKASES OF ELECTROMS

D2 To P ¥,» OFRQ
(cu?/Sec) (cm) ( /sec) (_/sec) | " (0,0)
3.20 x 102 4.0 x 103 A0 6x 102 2.0 x 1011
70 6.5 x 102 6.7 x 103 3.5 5.4 x 1073 1.8 x 1010 i
|
80 2.4 x 103 1.2 x 10% 0.2 9.6 x10°% | 3.2 x10° :
90 1.8 x 104 2.1 x 104 3.0 x 103 1.7 x 1074 5.6 x 108
100 1.6 x 10° 3.6 x 10% 9.2 x 1074 3.9 x 10~5 1.3 x 108
110 1.5 x 108 6.0 x 10% 8.5 x 1074 7.5 x 106 2.5 x 107
120 8.2 x 106 9.5 x 104 3.2 x 1074 1.9 x 10°6 6.3 x 106
200 5.8 x 108 3.9 x 10° 2.8 x 1077 9.2 x 105
300 3.7 x 10° 7.3 x 10° 2,7 x 1077 1.4 x 105
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TABLE 6

PARAMETERS USED IN CENTER-POINT KVALUATIONS
FOR A MINIMUM SIZK CLOUD

DAY-TIMR RELEASE OF NEUTRALS

b D *o c Y, run,

(km) (cw2/Sec) (cm) (Sec™!) (Sec! ny (0,0)

3.03 x 103 2.51 1.8 x 1014

1.32 x 104 5.55 x 10° 8.0 x 10”2 .050 3.2 x 1013
90 9.4 x 10% 9.84 x 10° 3.15 x 1073 .050 5.6 x 102
100 7.8 x 10° 1.60 x 10° 7.09 x 10°% .010 1.3 x 10'2
110 6.25 x 10° 2.78 x 10 6.52 x 107 .001 2.5 x 10!
120 3.16 % 10 6.40 x 10% 6.5 x 1074 1074 6.3 x 1010
200 2.04 x 10° 1.80 x 10° 6.5 x 1074 5 x 1077 9.2 x 10°
300 1.34 x 100 3.37 x 10° 6.5 x 107 5x 1078 1.4 x 108

NIGHT-TIME RELEASE OF ELECTRONS
D To !;gtn‘?ie
(cm?/Sec) (sec™l) (sec™l)

6.5 x 10% 3.12 x 103 3.5 5.4 x 1072 1.8 x 10!

2.4 x 103 5.55 x 10° 0.2 9.6 x 1073 3.2 x 1010

1.8 x 10% 9.8 x 10° 3.0 x 1073 1.7 x 1073 5.6 x 10°
100 I 1.6 x 10° 1.60 x 10% 9.2 x 1074 3.9 x 1074 1.3 x 107
110 1.5 x 10° 2.78 x 10 8.5 x 1074 7.5 x 1075 2.5 x 108
120 8.2 x 108 4.40 x 10° 3.2x 1074 1.9 x 107 6.3 x 10/
200 5.8 x 108 1.80 x 10° 2.8 x 1077 9.2 x 10°
300 3.7 x 109 3.37 x 10° 2.7 x 1077 1.1 x 10°
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artificially generated ionosphere, however, offers a unique mode by establishing a novel
geonmetry which does not naturally exist., It is certainly to be noted that a current
proposal of interest, the 'Needles' concept, as well as satelilites, balloons, etc. could
conceivably perform similar missions. Operationally, however, the fact that initiation
of transmission in the electron cloud system is determined (oth in time and space) by the
user, makes enemy detection, countermeasure, etc. extremely difficult. Therefore, although
alternate technologies to the artificial cloud have been proposed which are frequently
simpler to impliment, chesper, etc., most admit to the additional deficiency of easy enemy
countermeasure.
1. Communications

There are generally three situations wherein the cloud could be conceived as a
reflector in unique mode RF communications. The first of these is in a tactical situation
where high reliability (i.e. high signal to noise operation), relatively high frequency
(e.g. VHF-UHP), secure (i.e. relatively difficult to jam or countermeasurs) communications
is required. This may mean ground to ground, air to ground or ground to air s the
situation requires. One may think of the natural application to very long distance (i.e.
high altitude cloud generation) intercontinental links for this application. A second case
involved the re-establishment of communications in a tactical situation, nuclear degraded
environment. From the Hardtack data it is known that there existed some degradation of
the normal RF propagation modes which varied as a function of the inverse square of the
frequency. There is some discrepancy as to the degradation tima at HF but outage periode
on the order of a day seem appropriate., It iz here that cloud communications could be
initiated at a carrier frequency which is no longer suffering degradation ( > HF). The
final application is somewhat analogous to the previous one in that it is realized that
during low sunspot activity periods the normal ionosphere does not support high MUF values.
To supplement this electron deficiency during these periods srtiiicially would, in effect,
re-create a normal high sunspot ionosphere. . Conceivably this could be performed on a
routine basis with very small payloads.

2. Other Applications

The several other applications may be somewhat loosely grouped in terms of a
unique geometry class and a proposed interaction class. The discrimination application,
wherein a cloud is gonerated such that a decoy ensemble and warhead impinge the cloud upon

re-gntry, fit into the latter category. It is expected that many interactions between the
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decoys and the artificial cloud will occur which will aid in discrimination.
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6. SMARY

In this section is summariszed the essential features of this report. For
uniformity the summary is made to follow the format of the document. Accordingly, it is
pressnted in the following phases: (1) Chemistry of Upper Atmosphere Releases, (2) Mathe-
matical Models for Chemical Releasq Studies, (3) Optical Propertiss of Chemical Relezsés,
and (4) R¥ Propagation Studies Including Applications.

(1) Chamistry of Upper Atmosphere Releases

Chemical releases are analyzed in terms of two successiva processes: firet, formation
of the initial reaction products and second, evaluation of the non-equilibrium kinetic
processes during expansion. Application of various models and comparison with experi-
mental results provides the basis for recommendations for optimization for various types
of releases.

Initial reaction product compositions and flame temperatures can be calculated on the
basis of equilibrium processes with the aid of thermodynamical data. Details are given in
AFCRL Report No. 229 entitled "Chemical Release Studies IV: Chemistry of Upper Altitude
Reieases" by D, Golomb and A. W. Berger.

In the aluminum-alkali nitrate reaction maximum ionization is obtained with the
stoichiometric reactant ratio. However, this reaction is relatively slow and therefore
the reaction may be extinguished at burst of the canister, i.e. when the equilibrium
pressure above the reacting mixture reaches the burst pressure of the canister. It is
emphasized that it is probably difficult to &ssure reproducibility in a series of releases
based upon detonating mixtures, unless the packaging, grain size, canister strength, eic.
are completely equal. PFurthermore, recombination losses of the ionized species (and neutral
atoms) is increased in a high pressure release.

Propellant-type constant pressure releases have been shown to have potentially greater
ionization efficiency than detonation systems. The disadvantage inherent in constant
pressure (propellant-type) releases of having a long, narrow trail of relatively dilute
plasma may be overcome by using a cluster of nozzles, or a large number of nozzles mounted
on a spherical container (hedgehop bomb).

COncclrnLng the problem of initial expansion, an accurate evaluation of the initial

stages of an explosion is very complicated. However, specific models way be set up to
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spproximate the expected yield of chemical species (primarily electrons) which survive the
reconbination during expansion.

In one of the more sophisticated treatments (cf. AFCRL 202), correlation was obtained
betwoen the calculated number of electrons quenched in the cloud after expansion and the
RY ground observations. Furthermore, the results suggest the following important conclu-
sionas

1. The final degree of ionization in the expanded cloud is a direct function of
initial energy and an inverse function of initial radius.

2, The initial expanded cloud distribution (neglecting turbulence) is non-homogenecus.
The electron density is expected to decrease monotonically from the center point to the
outer boundary.

3. The final degree of ionization is inversely proportional to the average specific
heat ratio of the expanding gas.

The present work also contains some brief comments concerning the "India" release in
which barium was not observed. It was shown that if thermodynamic equilibrium is maintained
up to a tewsperature drop to 3000°K, then practically ail of the elementary barium is recom-
bired to Ba0. Suggestions have been made for improvement of barfium yield in future
expariments, Finally, some brief effort was applied toward the detcrmination of the
physical state of various liquid releases. WWithin the approximations made, it was found
that the several liquid releases considered were all feasible,

(2) Mathematical Mcdels for Chemical Release Studies

In the systematic analysis of chemiczl releases an area of prime importance is the
generation and proper utilization of appropriate theoretical models to compare to the
experimental data,

The concentration field of the cloud, produced by the released contaminant can be used
to measure rates, provided one knows the initial and boundary comditions which are
associated with the continuity equations of the concentration fields of both the contam-
inant and any atmospheric reactant. The continuity equation for a particular substance
can be viewed as a specification of the physico-chemical processes, assumed to be in action,
controlling the time rate of change of density of the particular substance whereas the
i{nitial and boundary conditions assumed for the substance specify the constraints on the

concentration field. In short, these specifications of continuity equation and initial




snd boundary conditions specify s model for the artificial cloud. Additionally, for each
plausible artificial cloud model one can associate the experimsntal data with the param~-
sters of the model.

The current effort has generated a number of such models for a single substauce
(ATCRL-222) sud two substances (APCRL~223) and has derived the concentration field equation
for sach proposed model.

Por the single substance treatment the most complicated wodel investigated (with
respect to the chemi-physical processes assumed to be in action) is characterized by the

partial differential equation
Q—E = DVY'n - pln "‘P“""(‘»‘) t>0

vhere the characteristic physical or chemical processes associaied with the various terms
of Equation (1) are raspectively: (a) diffusiom, szn; (b) recombination, & n2;

(c) linear growth (or decay), P n; and (d) some arbitrary generation (or decay) process
at point R in space for t2 0, F(R,t).

Yor the case of two substances (coupled and/or mutually coupled) an analagous traat-
ment has been generated with appropriste mathematical compromises in view of the more
complex physical situation. The details are treated extensively in AFCRL-222 and AFCRL-223,
The most accurate sumsary is given by the appropriate Tables and Susmaries included in this
report in Section 3. Soms specific plots were obtained to illustrate the utility of the
models to day, night and twilight releases. Further, they include some initial basic
models for the generation of theory applicable to particulate scattering, rasonance
scattering, chemiluminescence, radar propagation, etc, as associated with releasss. The
current theoretical models effort is batter summarized by reference here to Summary
Sections AFCTL 222 and 223,

(3) Qptical Properties of Chemical Releases

The valus of an understanding of the optical behavior of plenned experiments has hean
discussed. This phase represents a continuing effort for the understanding of the pertinent
areas of resonance scattering and chemiluminescence.

A. Resonance Scattering

Optical properties of resonmance clouds with diffusion has been discussed in soms
detail in AFCRL 207; thersfors, no dotails were included in the present report. However,
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Tables 2a through 2d reproduced here from AFCRL 207 serve as a couvenient condensation of
the technical area coversd. The Yables identify tha physical problems investigated, the
corresponding defining equations, the derived concentration functions, and the pertinent
solutions for the preceding cases. Tables 3a through 3d present a summary of the techniquss
to employ for reducing and analyzing the data.

However, aside from the theoretical approach, considerable parameterization was
accomplished in order to better appreciate some of the practical implications of the
theory as to proper experimantal design related to the determination of geophysical con-
stants and/or practfcal utility in systems, A few examples of this type of parameterization
are sumsarized in Table 4 and plotted in Pigures 1, 2 and 3.

The data displayed in these Figures illustrate the several uses of optical
observations on resonance clouds, PFor example, these or related data can serve to yield
information on chemical yield, fonization yield (using resonant ions), diffusion, magnetic
field alignment, chsmical consumption rates, and many others discussed in AFCRL 207 and
AFCRL 218,

An additional interesting use of these techniques is in the employwent of
resonant clouds for the determination oi diffusion mechanisms. PFor illustration, a
specific case has been investigated in which specified releases were made at 90, 110 and
200 km, These results are given in Figures 4, 5 and 6, which wake evident the care that
must be exercised in experiments of this kind., PFor example, the cricical {mportance of
understanding the roles of chemical consumption, solar resonance efficiency and diffusion
is made evident in the figures.

Pinally, it has been noied that the resonance scattering work thus far has dsalt
only with the case of back-scatter. Generalization should be extended to the cases of
vhere the phase angle differs from 180°, Further, a more exact treatmant using radistive
transfer techniques should be performed.

B. Cheailuminescence

Artificial chemiluminescent clouds, produced by releasing knovm amounts of
specific chemicals into the upper stmosphere, at prearranged heights, to react with an
atmospheric in such a manner as to yield luminescence can be employed for atmospheric
experimsnts and also as an aid to understanding some current AF¥ applied problems in missile

trail technology. Howsver, the present need for technical groundwork is evident. To this
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end, thes systematic study of chemiluminescence bas been initiated. Here, use is made of
some models gensrated in Section 3. These have bsen extended to incorporate ths appropriate
physics. 1In these, the initial conditions assumed are written in several terms of arbitrary
initial release geometries. The optical properties of these chemiluminescent cloud models
are then dsfined in terms of the density functions; these groperties are (s) lcc(r.t), the
photon flux per unit volume, (b) 3(d,t), the brightness per unit ares along a line of sight
through the cloud, and (c) ,T(t)’ the total flux of the cloud, Several geometric models
have been specified including spherically symmetric intermediate and total Gaussian
releasass,

Other models deal with the chsmiluminescent cloud models of finite extent (in one
dimension, at least) and a finite homogeneous sphere is discussed. MNext, a spherical shell
model with an unmixed core is discussed. Finally, the properties of a finite spherical
cloud is investigated for which the initial relesases of contaminant sre linear and para-
bolic, respectively,

The evaluation of the various models has procesded to the point of calculating the
various kindes of brightness profiles and flux per unit volume. To indicate this, some
selected graphs are included (Figs. 7-10). They are self-explanatory vhen used in con~
junction with the text.

(4) RFP_Propagation Studies Including Applications
A. RPF Propugation Models

The simplest electromagnetic model applied to the electron cloud is the reflective
one; this implies replacement of the cloud by a totally reflecting surface defined by the
critical radius at the RF wavelength of interest. A more realistic treatmsat should take
into account the refractive effects for more forvard geometrics by introducing the
refractive bending of :che incident energy from the underdense elactron concentrations
leading to greater values of cloud cross section and efficiency for propagation directions
other than those from simple backscatter. It is concluded that a fruitful extension of
these electromagnetic models lies in the direction of a treatment of the problem by the
techniques of geometric optics such that ray tracing should be applied. It is to this end
that some of the mathematical models of Section 3 have been generated. This extension is
left as a future effort. However, to demonstrate the utility of the RF center-point models
some results are given here (in Pigs. 11-14) of the general day and nighttime wodels in

terms of the center-point density normalized by the initial center-point value.




From the above figures one can obtain knowledge of both the Gaussian half-width,
Ty and the time variation of the total slectron content, and can then calculate the shall
radius of any particular values of electron density and its time variation. This in turn is
simply convertible into cloud cross section as a function of time. In other words, from
the data which have been generated from the genoral models, the time and altitude varie-
tions of both critical frequency and cloud efficiency or cross section may be obtained.

B. RF Applications

In general, the RF systems to which the artificially generated environment is most
simply and naturslly appiied are in the areas of communications. These have been discussed
individually, stating several characteristics of the technology with respect to the
appropriate militsry system interest, Some discussion has been given to specific applica-
tions to communication systems. Finally, several other applications were grouped in terms
of & unique geometry class and a proposed interaction class. The discrimination applica-
tion, wherein & cloud is generated such that a decoy ensewble and warhead impinge the cloud
upon re-entry, fit into the latter category. It is suggested that many interactions batween
the decoys and the artificial cloud will occur which may aid in discrimination.

C. Optical Applications

Several applications to missile trail technology, geophysical measursments
(including diffusion, chemical rates, winds, shear, recombination, attachment, etc.) and
other AF systems have been suggested at various places throughout the document. They are
not well summarized out of context; thus, only reference is made here to their existence

in the main text,
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ROCKET MEASUREMENT OF CHARGE DENSITIES
Rita C. Sagalyn

Headquarters, Air Force Cambridge Research Laboratories,
Air Force Research Division (ARDC), Geophysics Research
Directorate, L.G., Hanscom Field, Bedford, Massachusetts

Instruments have been designed and constructed for the rocket measurement of
positive and negative ion and electron densities and their energy distributions, Generating
voitmeters modified for the measurement of ambient electric fields in the ionosphere have
also been developed and successfully flown. The sensitivity range of these instruments is
great enough to measure electrical properties both in the undisturbed atmosphere and in
artificially produced ion or electron clouds.

In August 1960 during the field tests carried out under Project Firefly, a Nike
Asp rocket instrumented for the measurement of positively and negatively charged particles
was launched 10 seconds after another Nike Asp set for a chemical release at about 100 km,
Due to malfunction of the first Nike, the artificially produced cloud was not sampled,

however, valuable information on ionospheric charge density variations around sunset was
obtained frorn the instrumented rocket, .

Data was obtained between 40 and 210 km. On the ascent the ionosphere was
sunlit above 80 km. A positive ion density peak of 1000 ions per cc was observed at
approximately 70 km, A sharp increase in charge density concentrations was found between
90 and 105 km with a second ionization maximum (105 ions per cc,) at 125 km, A slight
depression in the distribution was observed at 140 km; the charge density concentration
then increased steadily with altitude to apogee at 210 km, The concentration gradients
measured on this flight are about a factor of 5 lower than those observed witk the scme
instrumentation on earlier flights launched around local noon.

Fhotocells mounted on the rocket showed that the ionosphere was not sunlit on the
descent below 150 km., The charge densities were at least a factor of 5 lower than on the
ascent between 150 and 80 km. Below 80 km the ascent and descent values were comparable,
There was also a significant decrease in the concentration gradients at the base of the E

region on the descent portion of this flight,
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The flight data is not yet completely analyzed, however, the results are being
applied to the interpretation of production and loss processes in the ionosphere near sunset,
Alter evaluating effective recombination and diffusion coefficients from this data, the results 'y
will be examined to determine the specific collision processes which could account for the

observed values,
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PARTICIE SIZE ANALYSIS OF SOME OF THE SOLAR SCATTER
MATERIALS USED I PROJBOY FIRRFLY 1960

Je L. Brown
Engineering Experiment Station

Georgia Institute of Technology
Atlanta, Georgis

Particle size analyses were imde of the solar scatter materials used in the Firefly
experiments to determine if any relationship might exist between particle size and solar
scatter msasurements.

The materisls analyzed vere aluminum oxides S8 1 (Frances), S8 2 (Lily), 88 3 (Mavis);

cadmium sulphide (Hedy); and cobalt powder (Iinda). The general particle size range wvas
small enough to require electron microscopy.

The analytical procedures used are common to the field of electron microscopy and
micromeritics and wil]. not be dealt with is dstail here.

All the aluminum oxide samples seemed to possess bimodal’ particle size distributions.
Sample 8S 3 adhered most closely to the predicted size with a median size of 0.027 microns;
sample SS 1 had a median size of 0.35 microns while 8S 2 was extremely bimodal with 95% of
the particles below 1 micron in size.

The cadmium sulphide contained a wide range of particle sizes with a median at 0.5
microns. Some particles were as large as 5 microns. This material consisted of brownish-
orange transparent crystals as observed in an optical microscope. This property should de
taken into account in analysis of solar scatter by these particles.

The cobalt powder could not be dispersed sufficiently for a good particle count; how-

RV

ever, the particles are acicular (needle-like) in shape and range from 0.5 to 3 micromns in
length.

Particle size date are presented here in the form of size-frequency dbar graphs. This
form is probably the most convenient to relate size and scattering effects.

Electron micrographs representing typicel views ol the materials are included with
this report.

*A distribution lacking intermediate sizes; all particles either large or small.
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